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[OFFICIAL NOTICE. | 
November Meeting, Guild of Gas Managers. 
OFFICE OF THE SECRETARY, November 1, 1895. 
The November meeting of the Guild of Gas Managers will be held in 
Young’s Hotel, Boston, Mass., at noon, of Saturday, the 9th inst. 
A. K. Quinn, Secretary. 








[OFFICIAL NOTICE. ] 
November Meeting, Society of Gas Lighting. 
sage 
OFFICE OF THE SECRETARY, November 1, 1895. 
The November meeting of the Society of Gas Lighting will be held in 
the works of the Mutual Gas Light Company, New York City, at 3 
p.M. of Thursday, the 14th inst. Freep. S. Benson, Secretary. 








BRIEFLY TOLD. 
ae 

DEATH OF Mr. James A. HADLEY.—We regret to be called upon 
to chronicle the death of Mr. James A. Hadley, late Superintendent and 
Purchasing Agent of the Meriden (Conn.) Gas Light Company, who 
passed away during the night of October 2ist. Deceased, who was in 
his 68th year, was a native of New Orleans, La., and eventually set- 
tled in Meriden, shortly after the close of the War of the Rebellion. 
He attached himself to the Meriden Gas Light Company, according to 
the records at our command, in the winter of 1866, which corporation 
was at that time far from robust, but with the growth of the city came 
prosperity to the Company, and not a little of its success 1s attributable 
to Mr. Hadley’s careful and intelligent methods of handling its affairs. 
The result of his labors in its behalf is shown by its financial standing 
to-day. Some years ago the Company engaged in the supply of electri- 
cal currents, and Mr. Hadley also had supervising charge of this branch 
of its business. He was an active member of the New England Associa- 
tion of Gas Engineers,and although he was never particularly prominent 
in its politics, he was nevertheless a frequent attendant of its meetings. 
Personally he was a most estimable man, and enjoyed the esteem of 
the community that he served for well on to a third of acentury. The 
funeral services were held at his late residence, South Colony street, 
Meriden, on the afternoon of October 24th, the Reverend A. T. Ran- 
dall officiating. On the conclusion of the religious services, St. Elmo 
Commandery, K. T., directed by Senator John Walter Mix, E. C., 
assumed charge of the funeral, and the Commandery escorted the 
remains to Walnut Grove Cemetery, where the interment was made 
according to the ritual. The pall bearers were: Major L. Coe, Dr. G. 
H. Wilson, and Messrs. E. C. Birdseye, H. Wales Lines, George H. 
Miller and Theodore M. Byxbee. The floral offerings were many and 
beautiful, notable pieces being those presented by the Directors of the 
Gas Light Company and the employees of the electric light station. 
For the facts above given we are indebted to ‘‘ Observer.” 





‘Mr. Humpareys’ PaPer on THE “‘CoMMERCIAL VALUE OF PHOTO- 


METrY.”—In the current installment of our abstract of the proceedings 
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of the Philadelphia meeting is given the admirable paper by Mr. Alex. 
C. Humphreys, on the important subject of the ‘‘ Commercial Value 
of Photometry.” We give it in full, although some of the matter 
(notably that contained in Exhibit ‘‘ E,” most of which will be found 
in our issue for July 1, 1895),{has already been digested by our readers, 
for it would be in the nature of mangling a handsome and laborious 
compilation did we do otherwise. The paper does not call for criticism 
just now at our hands, other than is contained in the expression of 
opinion that the author’s masterly brief is likely to give rise to some 
argument that shall appear in due course in the JOURNAL. All mustagree, 
however, that Mr. Humphreys was not only masterful but conscien- 
tious in his studies and the presentation thereof; and there is scant 
chance for other manifestation than a smile over his pointed question, 
‘* Why should we expect the photometer to give accurate results irre- 
spective of the observer's wishes?’ Certainly, there is where the 
shoddy commercial value of some photometrical observations is sharply 
pinched. We might also add the expression of our own belief that 
the widening use of incandescent gas burners will not far from now 
cause a radical revolution in photometrical rules and methods. Itisa 
pity that we are prevented by the rules of the Association from giving 
a verbatim report of the discussion that ensued, and anything less than 
that style of report would be as luminous as ‘‘ blue gas.” The speak- 
ers who participated in the debate were Messrs. Chollar, Hinman, 
Prichard, Somerville, A. S. Miller, Forstall, Egner, Humphreys and 
Dr. Love, which is sufficient guarantee that the ‘‘ talk” was well-worth 
listening to. 





Notrs.—Certain schemers have applied, or are about to apply, for the 
right to establish an opposition Company at Independence, Kas. Their 
slogan to influence the City Council and enlist the citizens is that of 
less than dollar gas.——The authorities of Paris, Mo., are agitating the 
subject of the establishment there of a gas plant to be operated on mu- 
nicipal account. This place is the capital of Monroe county, Mo., and 
is located on the Middle Fork river, at a point 44 miles southwest of 
Hannibal and 26 miles east and north of Moberly. It has manufac- 
tures of furniture and woollen goods, and its population does not ex- 
ceed 3,000.—The officers of the Newark (N. J.) Gas Company, under 
the final adjustment of its executive management, are appended: H. C. 
Kelsey, S. H. Condict, Geo. B. Jenkimson, John L. Blake, C. A. Light- 
hipe, Geo. E. Halsey, E. L. Joy, A. Kirkpatrick and H. Powles ; Pres- 
ident, Henry C. Kelsey ; Vice-President, S. H. Condict ; Treasurer, 
James P. Dusenberry; Secretary, C. L. Nelson.——At the annual meet- 
ing of the Consumers Gas Company, of Toronto, Canada, the old Board 
of Directors was renamed. During the year the Company put in 940 
new services. ——In the reorganization of the Salt Lake and Ogden Gas 
and Electric Light Company the three Directors who stood for the Eng- 
lish interest in the Company failed of reappointment. The new Board 
has the following personnel: W. S. McCormick, P. L. Williams, 
George M. Scott, L. S. Hills and T. G. Webber.— Judge Dobler, in 
Circuit Court No. 2, Baltimore, Md., recently issued an injunction at 
the instance of the Consolidated Gas Company, restraining W. B. Hoyt 
and the Hoyt Inspection Company from in any way interfering with 
the Company’s meters.——The Public Lighting Committee of Bath, 
Me., and the proprietors of the Bath Gas and Electric Company, have 
agreed on a rate of $112 per arc per annum for the public lighting of 
that place, the schedule to be on an all night and every night basis. 
This is a concession of $3 per lamp per annum from the former contract 
price. The Hon. Frank H. Twitchell represented the Gas Company in 
the negotiations. 








The Market for Gas Securities. 
sendin vee 

Despite the break in the general share market Consolidated held well 
up—in fact yesterday 100 shares were disposed of at the maximum 
figure of 149}. No matter whether the dividend rate is increased 
or not the shares are cheap at current figures. The opening to-day 
(Friday) came in at 148%. Mutual continues to show almost abnormal 
strength, and Standard common has crossed the 70 mark. In fact all 
city gas shares are in demand at increasing figures. There is no change 
in the Brooklyn situation, but next week will tell a different story. 
Chicago gas is steady. Consumers, of Jersey City, is bid 924, ex. div. 
Bay State is a bit better than last week. The firm of Close & Nash was 
dissolved this week by mutual consent. The regular dividend of 1} 
per cent. for the last quarter has been declared by the St, Paul (Minn.) 
Gas Light Company. It is payable on the 12th inst. Going back, it 
might be said that rumor is again busy with a possibility of some sort 
of an agreement between the Consolidated and the New York and 
East River Companies, We do not put much faith in the yarn, 








[Continued from page 693. | 


ABSTRACT OF PROCEEDINGS, TWENTY-THIRD AN- 
NUAL MEETING OF THE AMERICAN GAS LIGHT 
ASSOCIATION. 


—<=> 


HELD aT CONTINENTAL HOTEL, PHILA., Pa., Oct. 16, 17 AND 18, 1895. 








First DAY—AFTERNOON SESSSION, 


ELECTION OF OFFICERS. 

On the conclusion of the discussion on Mr. Forstall's paper, the Com- 
mittee on the Nomination of Officers handed in their report. On mo- 
tion of Mr. Harbison the report was accepted and its recommendations 
adopted. The President, in announcing the result of the ballot, de- 
clared that the following gentlemen had been chosen officers of the 
Association for the ensuing year : 

President—C, J. R. Humphreys, Lawrence, Mass. 

First Vice-President—Irvin Butterworth, Columbus, O. 

Second Vice-President—C. H. Nettleton, Birmingham, Conn. 

Third Vice-President—J. B. Crockett, San Francisco, Cal. 

Secretary and Treasurer—A. B. Slater, Jr., Providence, R. I. 

Members of Council—Two-Year Term—D. H. Geggie, Quebec, 
Canada; E. G. Pratt, Des Moines, Ia.; G. T. Thompson, St. Louis, Mo.; 
Peter Young, Knoxville, Tenn. One-Year Term—A. C. Humphreys, 
New York City ; G. G. Ramsdell, Philadelphia, Pa.; J. Croul, Detroit, 
Mich.; and A. E. Forstall, Newark, N. J. 


The President-elect, on being presented to the Association, acknowl- 
edged the compliment his fellow-members conferred upon him through 
their having promoted him to the highest place in their ranks. Mr. 
Humphreys’ remarks were handsomely put, and we regret that we are 
barred by the Association’s rulings, in respect of the publication of its 
proceedings, from reporting his speech verbatim. 


REPORT OF COMMITTEE ON PRESIDENT’S ADDRESS. 


The Committee on President’s Address than handed in the following 
reports. The report was prepared on the afternoon of the 16th inst., 
and the supplemental report was submitted on the following day; but 
for the purpose of consecutiveness we herewith print both at this point 
in the proceedings : 

PHILADELPHIA, Oct. 16, 1895. 
Mr. A. B. SLATER, JR., Secretary American Gas Light Association : 

Your Committee to whom was referred the President’s address have 
carefully considered the same, and advise that the Association take ac- 
tion as follows: 

1. That the suggestion to abolish the ‘‘ Quarterly ” be approved. 

2. That in the future papers be submitted, first, to the Secretary, and 
then to the President, and, if approved by both, that they then be pub- 
lished in leaflet form and mailed to each member, at the earliest date 
possible. That it shall be within the province of the President and 
Secretary to refuse to publish any part or all of any paper submitted ; 
but any author of a paper, feeling aggrieved at such action, may sub- 
mit the question to the Council, which body may, in their discretion, 
approve the action of the President and Secretary, or may permit the 
rejected matter to be read to the Association. 

3. Only such papers to be discussed at the meeting of the Association 
as shall have been mailed to members two weeks previous to such dis- 
cussion. 

4. That a volume of the proceedings be published promptly after the 
close of each annual meeting. 

5. That the Council be authorized to include in the annual volume 
the proceedings of other Associations, if they deem proper and can ob- 
tain from such Associations compensation therefor. 


Education. 


6. That an Educational Committee, or Board, be established, with a 
view at least of thoroughly testing the question of its utility. We do 
not, however, agree with the President as to the composition of the 
Board. Men every way qualified for President or Vice-President might, 
from force of circumstances, their arduous labors, or lack of taste for 
educational work, be wholly unfitted for serving on such a Board. We 
recommend that the Council appoint three members to constitute such 
Board for active work, and that the Junior Past President and Secreta- 
ry be ex-officio members of the Board, and that the affirmative vote of 
three out of the five be necessary to authorize the expenditure of money. 
The Committee feel that the work suggested by the President, in the ed- 
ucational line, is worthy of the Association’s best efforts. 

7. We advise that the Association adopt the suggestion of the Presi- 
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dent that the Constitution be so amended as to make the test of eligibil- 
ity to membership one of ability and record, rather than temporary of- 
ficial position. 

8. While your Committee are not satisfied that anything of effective 
value can be accomplished by the appointment of a Committee on 
*‘ Standards,” yet, in deference to those members who think differently, 
we advise that such a Committee be appointed. 

9. Your Committee desire especially to call the attention of the mem- 
bors to the remarks of the President respecting the importance of a more 
thorough discussion of papers, and to the limited number of members 
taking part in such discussions. 


Respectfully submitted, Emerson McMILLIN, 


ALEX. C. HUMPHREYS, 
Jas. SOMERVILLE, 


Committee. 


Supplemental Report. 
PHILADELPHIA, Oct. 17, 1895. 
Mr. A. B. SLATER, JR., Secretary American Gas Light Association : 


* The Committee on President's Address desire to submit the following 
as a supplement to the report on President’s address submitted to the As- 
sociation yesterday : 

We advise that the Association adopt the suggestion of the President 
providing for a Committee on Research, and that this Committee be 
composed of the five members constituting the Educational Board. 
That this Research Committee be authorized to provide some suitable 
decoration to be awarded to the person submitting to such Committee 
the most meritorious paper on research or invention pertaining to the 
lighting industry. 

That the Committee may make such rules as to them shall seem best 
for the interest of the industry and of the Association. 

That persons competing for the honors must submit their papers to 
the Research Committee at least 60 days before the date of the annual 
meeting of this Association. That the Committee may provide for first 
and second class honors ; but not more than one of each shall be con- 
ferred in any one year. That awards made by the Committee shall re- 
quire the confirmation of the Council. That the affirmative action of 
the Council shall be regarded as the action of the Association, and 
make the award of the Research Committee final. 

That the Committee shall not be authorized to expend the Association’s 
money, nor to contract debts except so far as it shall be so intended by 
a vote of the Council ; but the Committee may, at their discretion, use 
any money donated to them in aid of research by those desiring to aid 
the work, the Committee having power to receive, in the name of the 
Association, funds donated for such purpose. 


EmerRsON MCMILLIN, 
ALEX. C. HUMPHREYS, 
Jas. SOMERVILLE, 


- Committee. 


The original report (and subsequently the supplementary report) hav- 
ing been adopted as read, and without discussion, the President an 
nounced thata Past-President of the Association, who declined to have 
his identity revealed, had offered for the purchase of prizes, to be 
awarded to competing members in the line of the recommendation con- 
tained in President Clark’s address, the following sums: $100, for the 
year ending October, 1896 ; $200, for the year ending October, 1897; 
$300, for the year ending October, 1898. 


On motion of Mr. Egner a hearty vote of thanks was awarded to the 
donor. 


The President then introduced Mr. Alex. C. Humphreys, of New 
York, who read the following paper on 


THE COMMERCIAL VALUE OF PHOTOMETRY. 


Introduction.—Our President, nearly a year ago, requested me to 
prepare a paper for this meeting on Photometry and Illumination. 

For some ten years or more this has been a peculiarly debatable field 
with the gas engineers of America, and of late our fellows of Great 
Britain have found it almost equally interesting. 

Much had of late been written on the subject and of a most conflict- 
ing character, and as I knew that if I consented to again write on the 
subject I was expected to review the field in full, I confess I dreaded to 
undertake the task. I knew it would be difficultand perhaps impossible 
to treat the subject in any useful way within the necessary limits of an 
Association paper. I also knew that the subject was one which could 
be better handled by a physicist than by a practical gas engineer. 

But as our President urged me on to the work, and as the subject is 
one which I considered to be of prime importance to us all, I concluded 
to accept the task, hoping that my efforts might result at least in shed- 
ding light on some of the dark corners and in perhaps inciting more 


competent minds to take up the work and carrying it through to the 
satisfying of us all. 

Plan of Paper.—I shall first discuss the subject.of illumination and 
photometry in general, and in connection therewith notice, more or 
less specifically, the points which have been made as tending to show 
a disagreement between ‘‘ candle power,” illuminating power and 
illuminating effect. Then I shall try to point out the safer paths to be 
followed in our photometrical work. 

It will, no doubt, seem to some that much of what I have to say is too 
elementary in character. For this I shall make no apology, for it is 
evident that our differences are largely traceable to failure to agree as 
to the fundamental principles involved. 

I shall employ an appendix in connection with the paper. 

(1) I can so better systematize the reference data for present use. 

(2) I canso bring together, in convenient shape, additional data for 
future general reference. 

In Exhibit A I give an index of the books and papers which I have 
endeavored to digest in the preparation of this paper, including, I be- 
lieve, nearly all that has appeared in the American and English Gas 
Journals during the last year or two. When an author is quoted or 
referred to, it may be understood that the reference can be identified by 
means of this index. 

In Exhibit B I give a comparative table of standard units. 

In Exhibit C, a recent memorandum of instruction from the London 
Gas Referees as to the manufacture of standard candles. 

In Exhibit D, a copy of the recent report of the Photometric Stand- 
ard Committee to the (English) Board of Trade. 

In Exhibit E, an illustrated description of the Dibdin 10-candle pen- 
tane standard therein recommended for adoption in testing of London 
gas, and a memorandum of the methods employed in preparing and 
testing pentane. 

If it is found desirable to more particularly refer to any of the items 
of reference in the Appendix, this can be developed in the discussion, 
which, I trust, will be full and unreserved. 

Illumination and Photometry.—It will be remembered by many of 
those now present that ten years and more ago, when the contest be- 
tween the coal gas and the water gas advocates was at its height, the 
question was raised as to the relative illuminating values of coal gas 
and water gas flames of the same candle power. The claim was made 
that a ‘‘ good” 16-candle coal gas flame would give as much illumina- 
tion as a 20-candle water gas flame. 

Again, the rivalry between gas and electric light interests brought 
up this question, and the photometer has at times been discredited by 
gas men when the figures seemed to tell in favor of electric light. 

And now again, our friends in Great Britain have taken up the dis- 
cussion, and, as with us, we find this question tacked onto another 
question over which acontest is being waged, namely, the question of 
high candle power versus low candle power gas. 

In Great Britain, therefore, and in America, in both the cases above 
cited, these most fundamental and important questions of candle power, 
illumination and photometry have been tacked onto questions neces- 
sarily partisan in their character. This is to be deplored, for the ques- 
tionsare sufficiently complex to merit our most thoughtful and unpreju- 
diced consideration. 

It only remains for those of us who may have reason to be prejudiced 
to be still more on our guard against this influence. 

The first difficulty confronting us in this, as in all such discussions, is 
ambiguity of expression. But this is particularly a difficulty in this 
case for the reason that we are not agreed upon a nomenclature to be 
employed. Not only are we not agreed as to the names for the units 
and quantities involved, but we are not agreed as to the functions in- 
volved in those units and quantities. 

For instance, how loosely do we employ the word “‘ intensity,” with- 
out specifying whether we have reference to the light-source or to the 
light waves from that source, or to the illuminated surface. 

M. Blondel has proposed a scheme of units and a system of nomen- 
clature in connection therewith, but I fear that the scheme is too elabo- 
rate for adoption by gas engineers. 

But at least we can make the proper distinctions between the various 
functions involved, and express ourselves accordingly. 

Let us, first of all, carefully distinguish between intensity of the lumi- 
nous source and intensity of illumination. One refers to the cause and 
the other to the effect. It is true that we measure the cause by the effect, 
but it is none the less necessary to keep the distinction clearly in mind 
if we would avoid entanglement in our discussions. 

We must also bear in mind the distinction between ‘‘ candle power” 





and intensity of illumination, A 25-candle power light is of 25-candle 
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power, whether measured at 1 foot distance or at 4 feet ; but the intens 
ity of illumination in the first case is 16 times as great as in the second 
case. : 

We must also agree as to the meaning of quantity of light and quan- 
tity of illumination. For instance, if we have a light-source of finite 
dimensions (as all our light-sources are), and we can say itis giving a 
certain luminous effect for unity-area of surface, the quantity of light 
emitted will be this intensity multiplied by the area of the source. 

If this light is received upon an enveloping hollow sphere, the total 
illumination will be the illumination per unit of surface (namely, the 
intensity of illumination) multiplied by the area of the sphere’s sur- 
face. 

The quantity of light emitted will be the same as the quantity re- 
ceived by the inner surface of the sphere, provided the sphere is filled 
with an absolutely transparent medium ; and the quantity of illumin 
tion will be the same irrespective of the size of the sphere ; but the in- 
tensity of illumination will vary inversely with the size of the sphere. 

It might seem as if, to be strictly accurate, we should, when calculat- 
ing quantity of light, also include the function of time, as we would in 
the case of the flow of gas or water. 

While light does not flow, it has a duration of effect, and if by inter- 
mittent action the effect upon the retina were the same as if the light 
effect were constant, then, in valuing light by its effect upon the retina, in 
considering and comparing quantities,we would have to bring into our 
calculations the net time of light emission. An intermittent light- 
source would have an economical advantage by reason of the periods 
of rest. But while there is such a persistence of visual impression 
upon the retina, we know that such an intermittent light-source is not 
to be permitted on hygienic grounds, and we may dismiss time as a 
practical function. 

Often, in connection with the comparison of lights, we find the state- 
ment made that one light has intensity while the other has quantity or 
volume. Both have intensity, high or Jow, and both have quantity, 
large or small. If the two light-sources emit the same quantity of 
light, but have unequal intensities, then they have areas inversely pro- 
portional to their luminous intensities. It may be difficult and even im- 
possible to directly measure their luminous intensities and the light- 
giving areas, but this relation must of necessity exist. But we can 
measure the relative light-giving effects by studying the relative intens- 
ities of illumination produced, and so measuring, we find that smaller 
areas of manifestly higher luminous jntensities give the same intensity 
of illumination as larger areasof manifestly lower luminous intensity. 

Illumination is an effect produced upon the retina of the eye. The 
eye cannot simply by observation form a correct judgment as to intens- 
ity of illumination ; but by direct comparison between two illuminated 
surfaces it can detect if one is more brilliantly illuminated than the 
other ; though even then it cannot correctly estimate their relative in- 
tensities of illumination. By gradually increasing the illumination of 
one or decreasing that of the other surface, the eye can, within a nar- 
row limit of error, decide when the two surfaces have been brought to 
the same degree of illumination. With a Rumford photometer this dif- 
ference need not be more than ;4. Under proper, but readily attainable 
conditions, and with fairly normal eyes, this difference need not exceed 
xs, or 1 per cent.; by some physicists it has been reduced nearly to },. 

In our photometrical work we are governed by two laws which are 
generally stated thus : 

1. The intensity of illumination on a given surface is inversely as the 
square of the distance from the source of light. 

2. The intensity of illumination which is received obliquely is propor- 
tional to the cosine of the angle which the luminous rays make with 
the normal to the illuminated surface. 

These two laws cquld be combined in one statement: The intensity of 
illumination on a given surface is inversely as the square of the dis- 
tance from the source of light, and directly as the cosine of the angle 
of incidence. 

With the bar photometer we are supposed to compare lights whose 
rays are normal to the surface, which is the disc. Then the angle of in- 
cidence is zero and the cosine 1, and so the second law can be neglected. 

Referring to the first law, assume a light-source at O, Fig. 1 placed 
. at the centre of the concentric spheres A B C, A’ B’ OC’ and A” B”’ 0”, 
The total quantity of light emitted from the point O will be intercepted 
by the internal surface of the sphere A BC. If the sphere A BC be 
removed, the same quantity of light will be spread over the surface of 
A’ BC’. And if A’ B’ C’ be in turn removed, the same quantity of 
light will be spread over the sphere A” B” C’. The quantity of light 
remaining the same, thé intensity of illumination necessarily varies 
inversely with the areas of the spheres illuminated, and these areas 








will vary with the squares of the radii. 


Hence the intensity of illu- 
mination varies inversely as the squares of the distances. What is 
true of the spheres will be true of their proportionate parts, as, for in- 
stance, the parts cut out by the cone A” or B”’. 


Fig. 1.—lIllustrating the Law of the Inverse Squares. 


The accuracy of this law, as applied to practical conditions, has been 
frequently disputed of late years, and as Mr. Chollar in his paper, 
‘‘The Rule of the Inverse Squares,” has been more than ordinarily 
definite in the statement of his objections, I will take his utterances as 
a text in this connection. 

He says the law as stated is not, as is sometimes supposed, ‘‘ a natural 
law of light,” but simply depends upon the geometrical principal that 
the surfaces of spheres are directly as the squares of their diameters. 

It is true that the law is based upon this principle, and it is also true 
that the demonstrations offered are usually mathematical. It is also 
true that scientists have for years demonstrated by experiment that the 
law holds good in practice. 

The second, or cosine, law is also based upon a mathematical prin- 
ciple. A pencil of light meeting an oblique plane surface will be 
spread over a greater area than if meeting a surface whose plane is 
normal to the rays. Mathematically, the intensity should vary inverse- 
ly with the increase of area. As the area increases the cosine of the 
angle which the ray makes with the normal to the surface will propor- 
tionately decrease and therefore be a measure of the relative intensities 
of illumination. 

But, in this case, applying experimental tests, it was found that the 
law was not strictly accurate, as the reflection increased with the angle. 

Thus we see that the scientific work of the laboratory which dis- 
proved the strict accuracy of the cosine law, confirmed the accuracy 
of the law of distances. 

Mr. Chollar quotes Professor Tait’s statement of the first law, and 
appears to be satisfied as to the accuracy of the law as thus stated, viz: 

‘Tf the medium be transparent the intensity of illumination which 
a luminous point can produce on a white surface directly exposed to 
it is inversely as the square of the distance.” (The italics are mine.) 

Prof. Tait here only states the law as generally understood and 
accepted. 

Let us see if the specific statement of the limiting conditions in any 
way prevents us from working under the law in comparisons of light- 
sources. Manifestly, in such comparisons, we must agree upon what 
are to be considered normal conditions, just as we agree that in meas- 
uring the volume of gas we shall refer the measurements to the normal 
conditions, as to temperature and pressure, of 60 degrees Fahr. and 30 
inches barometer. 

We must first assume a transparent medium. Otherwise the same 
light would show differing lighting value according to the medium 
present, and the same medium would differently affect the light from 
different sources. A little thought as to the passage of light from the 
stars will convince us that in comparative tests it is not difficult to 
meet the condition as to transparency of medium. Light moves with 
a velocity say of 180,000 miles per second. At this velocity our earth 
could be encircled 74 times in a second. Light from the fixed stars 
takes years to reach us and yet is then able to produce light sensation 
on the retina. Can we not assume then, for al] practical purposes, 
that the ordinary transparency of our atmosphere is sufficient to meet 
this imposed condition ? 

We next come to the limitation that the light-source must be a lum- 
inous point. 

Mr. Chollar evidently regards this limitation as a complete bar to the 
application of the law in the case of light-sources of finite dimensions. 
To demonstrate his proposition he assumes a line as the light-source, 
and then shows rays from a certain number of points in the line, con- 
verging to, and intersecting at, a point taken outside of the line. Then 
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he says: ‘* Now, since light moves in straight lines, all rays starting 
from A D (the luminous line) in the direction of E (the point taken 
outside) must remain within the limits of the triangle A HD; sections 
ee of AED, therefore, parallel with A D will represent aggregates of 
light waves or quantities of light equal to each other and equal to the 
total quantity emitted at A D.” 

He then goes on to say: ‘‘ It appears, therefore, that, irrespective of 
intensity, the quantity of light from a luminous body at any particular 
point is independent of the distance of the body, and is in direct pro- 
portion to its diameter. If the above reasoning is correct, the total en- 
ergy exerted by a light is represented by the product of two factors, 
one of which being increased the other can be correspondingly reduced. 
The rule governing the value of lights, therefore, would be something 
like this: The light from a luminous body is inversely as the square 
of its distance, and directly as its projected area.” 

It seems to me that Mr. Chollar is here confusing cause and effect. 
We measure the value of a light-source by its illuminating effect, and 
the law is so given even in the form approved by Mr. Chollar. 


Ais Ao Ag: 
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Fig. 1A. 


Suppose we have three points, O’, O, O’’ (Fig. 1A) of equal luminous 
intensity ; then, according to Mr. Chollar, there will be concentration 
of rays within the angle O’, A, O’’, and this will be true of all points 
outside of O’, O, O", except along the projection of the line O’, O”. 
This concentration is expected to compensate in part for the decrease of 
illuminating effect due to increase of distance. 

But what is true of any one point, as O, is true of all points, and 
therefore of O’, O”. The light rays will, therefore, diverge equally 
from the points O’, O, O”, and will spread themselves equally over 
their inclosing spheres, and the resulting intensity of illumination in 
each case will be inversely as the squares of the radii. The intensity of 
illumination at A will be the combined intensity produced by the rays 
OA, O’A, OA. Now suppose the luminous points O’, O, O” were 
compressed into one luminous point at O,resulting in one point of a lum- 
inous intensity equal to the combined intensities of O’, O, O’’; that is, 
equal to three times the luminous intensity of O. Then we shall have 
the light emitted uniformly and uniformly illuminating the inside sur- 
face of sphere A BC, and therefore following the law of the inverse 
squares. But in moving O’ and O” into O the only change we have 
made with regard to A is to shorten the distances O’A and O’’A, and 
to that extent the combined illumination from O’, O, O” will differ 
from the combined illumination from O’, O, O”’, as arranged in Fig. 
1A to represent a luminous line. At Band at C, O’B and O'C will be 
longer than OB and OC, and O’’B and O’’C will be shorter, thus tend- 
ing towards compensation, and, within working limits, enabling us to 
take OB or OC as the average distance. As the point A is moved away 
from the light-source, the difference in distances decreases and quickly 
becomes negligible. This we see when using two candles for a photo- 
meter standard. If the disc is very close to the candles inequality of 
illumination is apparent, and the reading fails to check with the read- 
ing from one candle multiplied by two. But moving the disc away we 
get a uniform illumination and a reading which will check with the 
single candle reading. As far as the law of the inverse squares is con- 
cerned, it makes no difference whether the illuminated surface at A 
gets its concentration of rays from one point or three, except the minor 
discrepancy due to difference in distances just referred to. Here we re- 
fer to effect. But if from the one point we are to obtain at A the same 





illuminating intensity as from three points of equal intensity, the one 
point must have three times that luminous intensity. Here we refer to 
cause. : 

Mr. Chollar says : ‘‘ The light from a luminous body is inversely as 
the square of its distance, and directly as its projected area.” 

The light from a luminous body will always remain the same. irre- 
spective of distance, until it is absorbed by some opaque body. 

The intensity of illumination from a luminous body will vary in- 

versely as the square of its distance. The light from a luminous body 
will be directly as its area (not its projected area) provided the light- 
source is transparent to its own rays and its luminous intensity is uni- 
form over its entire area. 
We come now to the condition that the illuminated surface must 
be white. No one familiar with photometry will object to this condi- 
tion. In fact, it is always stipulated that the screen or disc should be 
white. Any deviation in this regard would be sure to work injustice 
to one of the lights compared, on account of the composite nature of all 
light. In practical illumination the light will meet surfaces possessing 
all possible combinations as to absorption and reflection and giving the 
consequent variety of color effects. We cannot expect to compose the 
light to suit this infinite variety of conditions and must therefore use a 
surface which will reflect all colors of the spectrum. 

The last condition is that the surface shall be directly exposed to the 
light. This is necessary for the reasons just given. If the light were 
allowed to first fall on other surfaces, and we attempted to compare the 
diffused light from each source, we are again met with the point that 
the light from one source will be absorbed to a greater or lesser degree, 
depending upon the surfaces and the composite nature of the lights. 

I hope I have shown that in accepting Professor Tait’s careful state- 
ment of the law of the Inverse Squares, we do not have to abandon our 
belief in the previously accepted principles of photometry. 

We have now to meet another line of attack. Theclaim has been re- 
peatedly made that some kinds of light possess greater “‘ diffusive” 
power than other kinds, and that there was here a departure from the 
law of distances, and that this departure was easily apparent to the un- 
aided eye. If this were so it would necessarily be because the light from 
some parts of the spectrum penetrated distance better than from other 
parts. Generally the statements in this connection have been most in- 
definite as to argument, but none the less positive on account of that 
weakness. One gentleman, prominent in our discussions eight years 
ago, did, however, back up his position as an advocate of differences in 
‘* diffusibility ’’ by stating that ‘‘ We know that the yellow rays have 
greater diffusibility, and take up more room in the spectrum, than the 
lighter and whiter rays.” 

It was contended that a 16-candle coal gas light gave fully as great 
an illuminating effect as a 20 candle water gas. Generally this was 
coupled with the statement that the light from the water gas was less 
diffusive on account of its ‘‘ greater intensity,” or on account of the 
flame being whiter. 

As some of you may remember, this was made the point for discus- 
sion in a paper entitled *‘ Illumination vs. Candle Power,” which I had 
the honor to read before this Association at its meeting in 1887. 

In that paper I detailed the results of a series of careful experiments 
in which the ‘‘ diffusive” power of the lights from a coal gas flame, a 
water gag flame and a Welsbach lamp were compared. The coal gas 
was of 16.5 and the water gas of 23-candle power. In these experi- 
ments the disc was set at the centre of a long table and the burners 
were set at equal distances on each side of the dise and then adjusted 
to give equal intensities of illumination. The burners were then 
moved out each one foot from the dise and another reading made. 
This was repeated foot by foot until the burners were so far removed 
that the illumination on the disc was reduced too low for satisfactory 
work. The readings remained practically constant. This proved that 
the light from the whiter water gas flame and from the still whiter (or 
greener) Welsbach ‘‘ carried” as well as the light from the yellower or 
redder coal gas flame. (I am referring here to the old Welsbach.) 

The recent discussions in England have been as to the relative illu- 
minating power of flames of the same candle power. It has been 
claimed that the flame from a low candle gas gave a more “ diffusive ” 
light than the flame of higher candle gas, but there has not been a 
close agreement as to the reason for this, some contending that this 
claimed superiority of the low candle flame was due to lower intensity, 
and others claiming that it was due to a whiter flame. 

This claimed difference in ‘‘ diffusibility ” or ‘‘ carrying power” was 
also particularly referred to more than once, in the discussion of Mr. 
Newbigging’s paper, ‘‘Illuminating Power and Illuminating Effect,” 





in connection with the comparison in lighting effects of a gas flame 
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and a kerosene oil lamp. As in our discussions, where gas and electric 
lights were compared, the claimants for greater ‘‘diffusibility’’ were 
here willing, as opposed to a common competitor, to claim the advan- 
tage for gas without specifying its kind. 

The kerosene lamp light is spoken of as being ‘“‘ less in quantity,” 
‘‘of greater intensity,” ‘‘ more concentrated and localized.” Shop 
windows showing brilliant illumination showed no “diffusion” out- 
side the windows as compared with gas lighted windows, &c. 

The kerosene oil flame being quite different in character from either 
a coal gas or water gas flame, I determined to test the relative ‘‘ carry- 
ing power” of the lights from these flames. 

through the courtesy of Chief Engineer Bradley and Dr. Elliott of 
the Consolidated Company of New York City, I was able to make the 
tests at their 21st street laboratory, where both water gas and coal gas 
are on tap. The oil lamp used was the ‘‘Belgian,” and gave about 354 
candle power ; (the coal gas was of about 16 and the water gas of about 
27-candle power.) The same arrangementas in the experiment of 1887 
was employed ; sufficient gas in each case being burned to balance the 
light of the lamp when the first reading was made. 

Dr. Elliott and his assistant agreed with me that this test failed to 
discover any difference in ‘carrying power ” or ‘‘diffusibility.” 

The only warrant which I have been able to discover for a belief in 
any difference in this direction is in a minor point mentioned by Cap- 
tain Abney and Professor Palaz. Captain Abney says that in the case 
of low intensities of illumination the eye is less sensitive to impressions 
from the lower, or red, end of the spectrum than from the parts higher 
up, and especially from the green. The difference is discoverable by 
illuminating a disc with red and green lights of equal intensities and 
then moving the lights away. The green light will keep the disc illu- 
minated for a greater distance. 

If there were a material difference in this regard, white light being 
composite, would to the eye give a different resultant color as we 
receded from the source, by reason of the retina failing to respond to 
‘ the Fred rays equally with those from higher in the spectrum. 

If there is a difference in effect upon the retina, it goes to demonstrate 
how completely we may be deceived by crude observations of lighting 
effect made without the opportunity for measurement of quantities, for 
the advantage as to greater “carrying power” has on this side invari- 
ably, and in England generally, been claimed for the light containing 
the greater proportion of the red rays. 

The impressions obtained, even by experienced gas men, from these 
crude observations are apt to be more fanciful than valuable. We can 
by the-eye tell if a lighting effect is pleasing or if the illumination is of 
a character to enable us to perform our tasks fluently, but we cannot, 
even approximately so, measure and compare the means employed to 
give the illumination observed. If in such comparisons we accept the 
advertised statements of candle power values of the light-sources, the 
responsibility for which statements is unfairly charged to the much 
abused photometer, then we simply invite self-deception. 

It is to be noted that the men who claim the ability to make these 

‘practical ” comparisons are often the ones who express the most con- 
tempt for the values determined by the most painstaking photometrical 
observations. Such “practical” observations are of no value unless 
we obtain the number of the light-sources and can estimate the candle 
power of each and the plan of distribution. We still have te account 
for the differences in surroundings, especially as to the relative powers 
of absorption and reflection of the surfaces involved. One rough test 
which has a value is, I think, but seldom employed—viz., the reading 
of different sizes of type at a given distance. 

Let me as briefly as possible remind you of some of the reasons for 
the eye’s inability to estimate illuminating values by simple inspec- 
tion. 

The impression of illumination which we receive is caused by excita- 
tion of the retina. This impression is not in proportion to the visual 
intensity energy, nor is it even in proportion to the actual illumination 
developed. A given amount of energy developed into visual intensity 
energy will give widely different results for the different parts of the 
spectrum. Taking dark red as 1, the yellow will be 28,000, the green 
100,000, blue 62,000 and violet 1,600. But this concerns us more in con- 
nection with the economical production of light than in connection 
with the comparisons between the lighting values of certain light- 
sources, no matter how or at what cost produced. \ 

But even here we must always bear in mind that lighting values are 
arbitrarily determined by the retina. If a surface is illuminated with 
a certain intensity, the practical result is not in proportion unless the 
effect on the retina is in proportion. But the retina does not act alone ; 
the adjustable diaphragm, the iris, co-operates with the retina to pre- 








vent, as far as possible, too violent and sudden excitation of the former. 
If this protection is insufficient, then the retina is rendered temporarily 
incapable of appreciating the value of a given impression. This par- 
alyzing effect is produced by too great an intensity of illumination ; by 
abrupt variations in the degree of illumination ; and, more than all, 
by the direct rays from a light-source of great intensity. 

Familiar examples of this effect from each of these causes instantly 
occur to all of us. If we walk from bright sunlight (even diffused) in- 
to a room illuminated to a much lower degree, we are unable to recog- 
nize even the face of a friend ; but, as soon es the retina has recovered 
somewhat from the excessive excitation produced by the bright sun- 
light, and the pupil has had time to expand, we find that the room is 
sufficiently illuminated to see all objects plainly. 

If we are sitting in a rapidly moving railway car which is well 
enough illuminated by diffused sunlight coming through the windows 
on the right to enable us to read fluently, and which is further illum- 
inated by direct sunlight coming through the windows on the left, if 
the latter light is intermittently obscured, say by a rapidly passing 
freight train moving in an opposite direction, the intervals between the 
cars of the latter permitting the direct sunlight to flash in upon as, we 
will find that the print is not readable. The sufficient illumination 
from the windows on the right is now, by contrast, darkness. 

If, on a clear day, we look directly at the sun, we are, in spite of the 
90,000,000 miles between us and it, rendered temporarily blind. Or, to 
take a less extreme case, but one very pertinent in this connection, in 
our work in the photometer room, if we do not shield our eyes from 
the direct rays of the lights under comparison, we are at first unable to 
make any comparison on the disc between the illuminating values of 
the two lights, even by this most delicate of all methods of comparison. 

These homely examples you are all familiar with, and I should feel 
like apologizing for taking up your time in dwelling on them did I not 
feel sure that in our practice we fail more or less to appreciate the les- 
sons they teach. 

Let us see how this action of the eye comes in when comparing 
the effect from two (hypothetical) are lamps, one naked and the other 
inclosed in a translucent globe. Referring to Fig. 1, let us suppose the 
small unlettered circle to represent a light-source 1inch in diameter and 
of 1,000-candle power. This light source will, at its surface, give an 
illuminating intensity equal to that of 576,000 candles at 1 foot distance, 
or 576,000 foot candles. 

Now suppose the light inclosed in the globe A BC, 2 feetin diameter, 
and suppose the luminous intensity to be just sufficiently increased to 
compensate for the absorption by the globe. Now we shall have at the 
surface of the globe an intensity of illumination of 1,000 foot candles. 
Therefore the candle power and the illuminating intensity at any point 
are not altered, but how different must be the illuminating effect if the 
eye is permitted to receive the direct rays, as must almost necessarily 
be the case in yeneral illumination. 

In one case the eye receives direct rays from a light-source producing 
an illuminating intensity at its surface of 576,000 foot candles, while in 
the second case, with equal illumination, the eye is only subjected to 
the direct raysfrom a light-source producing an illuminating intensity 
of 1,000 foot candles at its surface, for we may now consider the globe 
as a light-source. 

Or, expressing it differently, with equal intensities of illumination, 
with the naked light the eye must receive the direct rays from a source 
which has only 1-576th of the projected area of the shaded light. 

Suppose that when putting on the globe we do not increase the lumi- 
nous intensity, and say the globe absorbs 40 per cent. of the light, then 
the light will be 600-candle power and only give 600 foot candles at its 
surface. This will present to the eye a still greater contrast as to the 
direct rays, and we may readily believe that for general illumination, 
with the eye taking in all the surroundings, and therefore necessarily 
exposed to thedirect rays, the shaded light of even reduced candle power 
will produce the pleasanter and, therefore, the better effect. If, how- 
ever, it becomes necessary to examine any object closely and continu- 
ously, we will find that by shielding our eyes from the direct rays, and 
waiting until the eye has recovered from excess of excitation, that 
the naked light of 1,000-candle power serves us better than the shaded 
light of 600-candle power. 

Of course, in addition to the direct effect upon the eye, the larger 
light-source has the positive advantage of sending its converging rays 
in behind objects making shadows, producing a softer effect and also 
again relieving the eye from sharp contrasts of intensity of illumina- 
tion. 

Even supposing that we can correctly imitate the color of sunlight, 
any source of artificial illumination, subdivide and distribute it as we 
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may, must of necessity give imperfect results if only on account of its 
lack of uniformity of intensity, through the operation of the law of the 
inverse squares. 

To take an extreme and hypothetical case, to better impress this point, 
let us suppose we have two light-sources, 1 inch in diameter, and placed 
400 feet apart, the intensity of illumination to be measured along the 
horizontal upon a vertical screen. We will compare the combined 
illuminating effect with that of 25-candle power light-sources of the 
same size, set 100 feet apart. 

In Fig. 2 I show graphically the effect over one-half the field. In 
each, the higher parts of the curves have to be omitted from the dia- 
gram for lack of room. 

A few selected combined intensities of illumination, expressed in foot 


candles, are as follows : 


1,000-Candle Power 25-Candle Power 


Lights, Lights, 
400 Feet Apart. 100 Feet Apart. 


At thesurface of the lamp...... ...........576000.006 14400.0025 
1 foot from center of lights......... ..... 1000.006 + 25.00255 
10 feet ‘* Aah al DE wine toh ee eeed ks 10.0065 0.2530 
eo Pent -“s! dis csenece Sedetax 2.5069 0.0664 
er Y (midway between 25- 
candle powerlights).................0.. 0.4081 0.02 
100 feet from center (surface of 2d 25-candle 
MONEE MIN ce vo ckcres oeee xciese en’ 0.111 14400.0025 
200 feet from center (midway for 1,000-can- 
en re 0.05 14400.0025 
Carried over from one lamp to the next..... 0.006 0.0025 
Mean intensity............ fees Deevudeues 256. 186. 
Mean intensity, omitting from the calcula- 
tion the intensity within sphere 1 foot 
radius, say ‘‘ reduced mean intensity”... 10.75 1.+ 


Cohn, an authority on hygiene, states that the illumination produced 
by daylight on a well exposed table is equal to 4.6 foot candles ; and 
that the minimum required for reading and writing without undue fa- 
tigue is about 1 foot candle. 

Wybau gives as the minimum required for reading about 1 foot can- 
dle ; but for fluent reading he says 1.4 to 2.3 foot candles is required. 
And he gives as the minimum for street lighting .09 foot candle. 

Professor Morton gives as the intensity of illumination at the back of 
a room, 20 feet from window, with buildings opposite, from 1} to 2} 
foot candles. The range for daylight, he states, will be very great, but 
the figures given are sufficient for easy reading. 

By reference to the table just given we see that if we could obtain 
from artificial light sources a uniform intensity of illumination equal to 
the reduced mean intensity even of the 25-candle power lights 100 feet 
apart, we could have our streets illuminated sufficiently for reading. 
With the true mean, we should be flooded with light. 

Of course, in practice, the lights would be placed above the plane of 
the surface to be illuminated, and this would tend to make the intensity 
of illumination more uniform ; but I purposely selected this case as 
showing the full effect of the law of distances. 

In this connection Professor Anthony’s paper, ‘‘ The Subdivision and 
Distribution of Artificial Sources of Illumination,” and the discussion 
thereon, can be read with profit. 

Referring to the lighting of villages and suburban places by are 
lights, Professor Anthony says : 

‘*A little spot 50 or 100 feet in diameter under each lamp is brilliantly 
lighted, while the more distant points are in darkness, all the more pro- 
found from the loss of sensitivéness of the eye when in the strong 
light.” 

Mr. Upton, in course of the discussion, says of the illumination of a 
building at the Louisville Exposition : 

‘The result was he (Mr. Stieringer) was able to illuminate a large ex- 
hibition building there, so that it looked brilliantly lighted, with a very 
low grade of absolute illuminating, because there was no one spot 
which your eye looked at which made the rest look dark.” 

In all this we are reminded that a weaker light source, more efficient- 
ly distributed, and reflected with a view to uniform distribution over 
the plane of the surface to be illuminated, and in connection with more 
efficient diffusing surfaces, may give a final result much superior to 
that obtained from a stronger light-source improperly applied. This 
difference in favor of the weaker light is sometimes found as the result 
of accident. This should not be noted as an argument that the photo- 
metrically weaker light-source is in practice the stronger, but rather we 
should take the lesson that the stronger light might be made to give pro- 
portionately better results. 


of the light-sources compared with too great a candle power. With 
many the tendency seems to be to at once doubt the accuracy of the 
photometer and everything connected with it. The photometer and its 
governing laws are not to blame if it is used improperly and partial 
statements accepted as if they were complete. 

See how this applies to the are light with its so-called 1,000 and 2,000- 
candle power. 

Professor Anthony says there is no 450-watt lamp in use which will 
give 2,000 candles in the direction of greatest intensity, or which will 
give 500 candles when surrounded by a plain globe and measured for 
general illumination. On good 450-watt long are lamps he never ob- 
tained but one measurement out of thousands made as high as 2,000 
candles. 

Mr. Pike, in the discussion of Professor Anthony’s paper, stated that 
‘* 1,200-candle” power lamps in every case ran below 450-candle power 
when measured spherically. 

Apart from the error introduced into our estimates by crediting too 
high a candle power to the arc, the variations in intensity with the di- 
rection is a most disturbing element in our rough calculations for the 
reasons already referred to. 
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Fig. 3.—Variation in the Intensity of an Arc Light (Continuous Current) with the Inclina- 
tion. Result of all Photomeiric Measurements made at Antwerp Exposition. 


Fig. 3 shows the variation in the intensity of illumination from an 
arc lamp with the inclination, and is taken from the work of Professor 
Palaz. The diagram gives the result of all the photometric measure- 
ments made on continuous current lamps at the Antwerp Exposition. 
But the intensity of illumination also varies with the azimuth ; that is, 
in any given plane, as we move around the lamp with it as a center, its 
illuminating intensity will vary. 

Hence, to correctly state the value of an arc lamp we must state it in 
mean spherical intensity. 

If we do not desire to illuminate above the lamp plane, the efficiency 
can be increased by a proper system of reflectors; but the light, as a 
source, should be considered with regard to its mean spherical intensity. 

The actual spherical distribution can be made to more uniformly con- 
form to the mean spherical distribution by the simple addition of a 
translucent globe. Professor Palaz shows that while 15 to 60 per cent. 
of the total light may be so absorbed, the distribution is quite changed. 

He says: ‘‘The opalescent globe which surrounds the are does not 
absorb the light uniformly ; the luminous intensity of the parts of the 
globe which correspond to the maximum intensity is sensibly de- 
creased, while that part which corresponds to the minimum is in- 
creased. The globe itself becomes luminous and plays the part of a 
radiant.” 

Incandescent electric lights and flat-flame gas burners also give con- 
siderable differences in spherical intensity, and Argand burners give 
different intensities for different angles of inclination. 

All these lights when inclosed in translucent globes also give a more 
uniform spherical distribution. 

Great stress is often laid upon the fact that a light, when inclosed in 
a translucent globe, gives a better result, and especially has a ‘‘ greater 
diffusive power.” Part of the explanation of this effect has already 
been attempted, and in this modification in the variations of intensity 
is found a further explanation. 

In my paper of ’87, I detailed graphically and by tables the results of 
a long series of experiments on flat-flame burners, the candle power 
being taken horizontally for each degree between 0° (the edge of the 
flame) and 90° (the flat of the flame), and for many different qualities 
of water gas, the variations being made by mixing carbureted and un- 
carbureted water gas in varying proportions. The most general prac- 
tice at that time was to take the mean between the maximum (flat) 





In our crude observations we often deceive ourselves by crediting one 





reading and the minimum (edge) reading as the candle power. 
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By the diagram showing my results was obtained the angle at which 
the burner would have to be placed to give'a candle power equal to the 
mean of the maximum and minimum. This angle was found to vary, 
for the different gases, between 1,5° and 10.25°, and the mean of all the 
readings was 4.68°. 

A fairer method in each case would be to take the mean of all read- 

_ ings instead of the mean of the maximum and minimum. The dia- 
gram could be used for this purpose. 

In connection with these experiments it is to be noted that the differ- 
ence in readings between the flat and edge as a rule increased with 
the increase of candle power of the gas, indicating a falling off in the 
transparency of the flames with the increase in density. 

Mineral oil flames show still more strongly this absorption of light 
during passage through its own flame, and this becomes very evident 
when testing large burners made up of a number of concentric rings. 

Professor Mayer, in his paper ‘‘ On the Illuminating Power of Flat 
Petroleum Flames in Various Azimuths,” gives the results of his ex- 
periments with two types of petroleum burners, one the Hitchcock 
chimney-less, air-blast lamp, and the other the ordinary lamp with 
chimney. With the Hitchcock lamp, the candle power from the edge 
of the flame was found to be 37 per cent. less than that from the flat ; 
and with the ordinary lamp, the difference was found to be 38 per 
cent. 

As bearing upon the question of the modification of spherical intensity 
by the use of globes, etc., Professor Mayer found that even the use of a 
clear glass chimney had an effect. He says: 

‘The flame of the Hitchcock lamp and the flame of the ordinary 
petroleum lamp with chimney increases in candle power with the azi- 
muth in different rates. The reason for this is that the glass chimney 
acts as a reflector and tends to equalize the illumination in different 
azimuths.” 

Mr. Dibdin, in his ‘‘ Practical Photometry,” goes quite fully into the 
difference between the candle power of burners as determined horizon- 
tally and spherically, and shows his results by a number of diagrams. 

Another source of error in our ‘‘ practical ” comparisons is in failing 
to keep in mind the (perhaps necessarily) arbitrary conditions imposed 
as to the standard burners to be employed in determining ‘‘ candle 
power.” 

If the standard burner gives a result not in accord with the burners 
under observation, then to that extent are we astray in our premises. 
This difference is sometimes in favor of, and sometimes against, the gas 
as ordinarily consumed. 

Sheard’s and Hinman’s experiments show that a certain per cent. of 
CO, will reduce the illuminating power of the gas as consumed in a 
fiat-flamed burner to a greater extent than if burned in an argand 
burner. Here, then, two gases of equal ‘‘ candle power” would give 
unequal illuminating effects if burned commercially in flat-flames. 

This lack of agreement is not due to any fault in the photometer, but 
to our arbitrary selection of a standard burner. The effect of CO, is 
less depreciating in the case of a higher power gas, and this difference 
between the ‘‘ candle power” and the practical result would be elimi- 
nated, as the higher candle power gases (in America, at least), are tested 
by the same burner most generally used by the consumer, viz., the flat- 
flame. 

Photometrical Work.—Now let us consider briefly the photometer 
and its manipulation. Photometry has been developed as the result of 
the conscientious, independent labors through many years of many 
scientists and engineers. Photometers have been devised upon different 
principles in optics, including diaphragmation, dispersion and the 
phenomena of absorption, polarization and compensation, etc. Chemical 
photometry has also received attention. 

But the photometers which we are most interested in are those based 
upon the direct comparison of two illuminated surfaces, as the Rum- 
ford, the Bouguer, the Foucault, the Bunsen and the Arnoux. The 
first four depend upon the law of distances and the last upon the cosine 
law. 

The Bunsen is chiefly employed in America, Great Britain and Ger- 
many, and the Foucault in France. 

The Rumford is by us generally regarded as obsolete, though such a 
high authority as Captain Abney prefers it above all others. On the 
other hand, Dibdin pronounces against it. ‘ 

Inferential photometry has been the subject of much investigation, 
and the jet photometer and the illuminating power meter have been 

‘ largely used. Many schemes have been suggested for calculating the 

candle power of a gas from its contained illuminants or from the com- 

position of the products of combustion. 

Investigations as to the cause of luminosity in gas flames, and es- 
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pecially the recent investigations of Professor Lewes, William Young, 
Irwin and others, indicate that inferential methods cannot safely be 
employed for the general comparison of the illuminating power of gases; 
and for long we have known that the character of the diluent gases 
modified the readings of inferential photometers. But for the compar- 
ing of gases made from the same class of materials and by the same 
apparatus and methods, they can be made to serve a useful purpose. 

In the so-called Bunsen photometer we find an instrument which is 
practically accurate, and as simple as any such laboratory instrument 
can well be. 

The instrument gets its name from the grease spot disc. Bunsen’s 
photometer was quite different from the one now employed. Mr. 
Alfred King, of Liverpool, took the Bunsen dise and built around it 
the photometer much as we use it to-day. He used the open photo- 
meter in a dark room, the bar 100 inches, the two lights fixed, and the 
disc set up without sight-box and without mirrors, but reversible with 
regard to the lights. 

This photometer since then has been modified in many ways. 
wide departure was made in the Evans. As originally made, it was 
not adapted for general testing. In some of its present, forms it is no 
doubt a reliable instrument, and especially so when the lights are fixed 
and the ventilation so better provided for, and the sight-box properly 
screened. Dr. Letheby introduced the sight-box as now generally 
used. This is an improvement in that the mirrors enable us to see the 
two sides of the disc simultaneously ; but it fails to provide, as did 
King’s arrangement, for the reversal of the disc with regard to the 
lights, to compensate for differences in its two sides. 

The elaborate and able report of the Dutch Photometry Committee 
makes a strong point of the necessity for this reversal. It goes farther 
and says the readings should be made one-half from one side of the 
table and the other half from the other side, this to compensate for 
differences in the eyesof the observer. The report condemns the English 
practice of correcting for candle and gas consumption by the proportional 
rule; and also the employment of two candles instead of one, and 
especially if the distance between the disc and the candles is allowed to 
vary. 

Dibdin urges the importance of the reversal of the disc, and has im- 
proved the sight-box by pivotting at the back, the frame containing 
disc and mirrors, so that it can be revolved around a horizontal axis. 
He designs to thus compensate also for any differences in the mirrors. 

As far as I am aware, Tufts, of Boston, is the only photometer maker 
in this country who provides for this compensative method. This is 
possibly a refinement, but it behooves us to adopt all such refinements 
if they do not lead to complication of apparatus and methods. 

The selection of a disc is all-important. No matter what form is 
used, it should be tested by the reversal method and, unless the readings 
are then alike, it should be rejected. A disc should be rejected where- 
in the spot entirely disappears. 

After a good disc has been selected we must remember it is liable to 
change, and especially under constant exposure to light and a dirty 
atmosphere. A disc that becomes soiled or marred should be abondoned. 

In my opinion the Leeson star disc is a decided improvement over 
the regular Bunsen disc, and especially in connection with difference 
in the color of the opposed lights. Dibdin strongly endorses the star 
disc, but holds that as first made it was not satisfactory on account of 
‘*buckling.”” He improved it by fastening the three pieces of paper 
together with thin starch water, under pressure. 

Captain Abney and Professor Lewes endorse the Dibdin-Leeson disc 
for its reliability even when this difference in color exists. Captain 
Abney suggests as an additional safeguard against error in disc read- 
ing, the oscillation of the disc between points too dark and too bright, 
gradually reducing the length of swing. 

Iam not aware that the Dibdin-Leeson discs have been regularly 
introduced into this country, but the American Meter Company makes 
a star disc which seems to give satisfactory results. The three papers 
are kept smooth and held firmly together by two pieces of glass which 
are held in place in the disc frame by tight metal rings. As far as 
possible, to prevent error from unequal absorption, the glass is carefully 
selected and the two pieces are cut from the same sheet. If this disc 
was used in a reversal sight-box, any possible difference would be dis- 
covered or compensated for. The enclosing of the disc in glass should 
help to prevent deterioration and change. 

Referring again to the other points noted as made by the Dutch 
Committee, I believe the majority of American and English experts 
agree that under certain restrictions the use of two candles tends to 
decrease rather than increase the total error. The obliquity of rays 
does not sensibly affect the reading if the disc is not closer than 12 
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| 
inches, and a reference to the table to follow shows that up to 30-candle | 


power gas, this distance is more thon 12-inches, even with the 60-inch 
bar. 

But these and other sources of error connected with the use of the 
much abused candle standard can, apparently, now be eliminated by | 
the adoption of Dibdin’s 10-candle pentane Argand air-gas standard. | 
This standard (as a development from the Harcourt 1-candle pentane 
standard) has been under careful examination by English scientists and 
practical photometrists for some years, and the Photometric Standard 
Committee in its recent report to the (English) Board of Trade recom 
mends its adoption for the testing of London gas. The strength of the 
committee and the record of its work will, no doubt, secure the adop- 
tion of its recommendations. It seems to be demonstrated that this 
standard gives uniform results even with considerable variations in tem- 
perature, pressure, height of tlames and the composition of the pentane 
mixture. 

Dibdin states that the height of the flame may vary 14 inches without 
sensibly affecting the amount of light reaching the disc therefrom. 

It is true that there are those in England who do not indorse the com- 
mittee’s recommendation. 

Mr. Williams has recently objected to this standard on the ground 
that it refers back to the candle as its unit, and, therefore, its use is sim- 
ply a roundabout way of using candles. The reasoning does not ap- 
pear to be sound, for if the pentane lamp gives constantly uniform re 
sults without too great complexity we make a decided gain. Further, 
the unit of the proposed standard is the mean obtained from a great 
number of readings by most competent photometrists, and therefore is, 
in that regard, far more reliable than any isolated observation. 

Another decided advantage possessed by the pentane standard is that 
it is of a relatively highcandle power. Referring to the table to follow, 
‘*Comparison between 60-inch and 100-inch bars,” we see that with this 
standard the intensity of illumination of the dise more nearly corre- 
sponds to moderate degrees of diffused daylight, and the eye is capable 
of making, under these circumstances, finer distinctions than if the in- 
tensity of illuminatio n was either excessively low or high. 

With regard to the comparison between bars of different lengths, the 
statement is sometimes mae that the change from King’s 100-inch bar 
to Letheby’s 60-inch bar was an improvement. I confess I have not in 
the past agreed with this statement. In connection with this paper I 
have prepared a table showing the illuminating intensities upon the 
disc with 60-inch and 100-inch bars, for 16, 20, 25 and 30-candle power 
gases, and for 1, 2 and 10-candle standards. 


Comparison between 60-Inch and 100-Inch Bars. 
D. Distance of disc from light standard, in inches. 
I. Intensity of illumination of dise in terms of 1 candle at 1 foot. 
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the 100-inch bar with the 1-candle standard, the intensity is only from 
.36 to .61 foot candle; and even with the 10-candle standard the intens- 
ity only reaches 1.08 foot candles. The 60 inch bar is, therefore, to be 
proferred for the ordinary gas testing ; for the testing of high power 
light-suurces a larger bar should be employed. If we have our dark 
room of sufficient length, and we are not constantly making such tests, 
they can be conveniently enough provided for by having a full length 
portable table, the calculations to be made from tape measurements. 

But in this connection it is well to bear in mind that with new forms 
of light-sources, and especially with high candle power lamps, the 
candle power should be taken spherically, and for this a radial photo- 
meter is required. 

For the comparison of the illuminating power of gases a horizontal 
test is sufficient, because the character of the gas does not change the 
result, except in a minor degree by reason of the flames of higher candle 
power gases having a greater absorptive power for their own light than 
lower candle power gases, as already referred to. 





With the flat-flame burner, this can be provided for by making the 


test with the burner at such an angle as will give the mean angular 
candle power. 

For spherical photometry Mr. Dibdin hasimproved the Hartley ‘‘Uni- 
versal” photometer by arranging the disc so that it can be readily ad- 
justed to receive the rays from the standard and the light-source under 
examination at the same angle of incidence. This at once eliminates 
the necessity for correction on account of the cosine law, and also the 
departure from that law by reason of variation of absorption and re- 
flection with the angle. 

This photometer is fully described in Dibdin’s ‘‘Practical Photometry.” 

Upon the important questions of corrections for variations in the gas 
and candle consumptions, there exists considerable difference of opinion. 
The English method, which we follow, provides for correction by the 
rules of proportion. Many English experts have long held that a 
method more nearly like the French (namely, the measuring of the 
quantity of gas required to give a standard candle power) should be em- 
ployed. The report of the Photometric Standard Committee recom- 
mends that.the present rule ‘‘be rescinded so as to allow the Gas Refer- 
ees to sanction a mode of testing in which the gas shall be burned from 
the standard ‘ London’ Argand burner at whatever rate is found requt- 
site, in order that it may give a light equal to that of the prescribed 
number of candles in which the illuminating value of the gas shall be 
calculated as being inversely as the rate at which such gas had to be 
burned during the testing, so as to give this amount of light.” 

This may on the average be a fairer rule than the presentone. It 
more especially applies to the testing under English conditions, when 
there is in each case a prescribed candle power to be maintained. 

But any such rule must be arbitrary, and its discussion is not neces- 
sarily involved in the question of measurement of light. If we could 
in the case of each gas, fix such conditions as would give the nearest 
possible measure of the absolute illuminating value of the gas, we 
should have made a great step and be in a position to avoid many of the 
difficulties involved in the question of difference between ‘‘candle 
power” and illuminating effect. 

But I cannot see that we can ever hope to make a direct comparison 
between the absolute illuminating value of gases, for how can we ever 
say that any given burner accords to any two gases of different com- 
position the same percentage of illuminating efficiency? At the best, 
our success in this direction can be only approximate. 

But it is to be remembered that the ability of the photometer to accu- 
rately compare the illuminating value of any two light-sources, or of 
any two gases burned under prescribed conditions, is not involved in 
this last question. 

Asa matter of commercial fairness, it would seem as if the comparison 
should be made with the gases burned in each case in a way which the 
consumers could easily, simply and economically employ, and would, 
under those conditions, give each gas so burned the greatest possible 
efficiency. This would seem to point to the general use for testing, of 
high grade, though cheap, flat-flame burners. 

I have thus endeavored to touch upon some of the more important 
features involved in accurate photometry. 

Of course, we must always remember that the photometer is an in- 
strument to be used as prescribed and with alllimiting conditions well 
in mind. 

Accumulation of dust, etc., may cause sensible error. 

The room should be maintained, as far as possible, at the normal 
temperature. 

The various parts of the instrument should be re-adjusted and re- 
standardized from time to time. It should not be taken for granted 
that the two lights are exactly 60 inches or 100 inches apart, and that 
the center of the bar is exactly midway between the lights; that the 
meter is accurate or that the candle balance is sufficiently sensitive. I 
have seen numbers of balances in American photometer rooms which 
were attractive enough in appearance, but which were better adapted 
for use in a grocery than in a laboratory. 

The ventilation of the photometer and the room should be well cared 
for. An accumulation of CO, from the products of combustion and an 
increase in temperature are prolific sources of error. The instant a 
dise becomes discolored or marred, it should be replaced. 

To the younger members I may, perhaps, venture to suggest that it 
is necessary to study photometry to be sure of results. Do not be will- 
ing to blindly follow the methods prevailing at your station. 

In the Appendix, Exhibit A, the index will be found to contain refer- 
ences to much that is not involved in ordinary gas photometry, but 
there is not an engineer here present who can afford to be without 
‘* Industrial Photometry,’ by Professor Palaz, Hartley’s Gas.Analysts’ 
Manual, and ‘‘ Practical Photometry.”-by-Dibdin. The former is pre- 
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pared for the guidance of electric light engineers, and is more especially 
devoted to mathematical discussions of the principles of photometry 
and illumination, but it is a mine of information for the gas engineer. 
Hartley’s Manual is well known amongst us, and Dibdin’s work is ex- 
actly what its title implies. 

In addition, in the index will be found the titles of many papers full 
of valuable suggestions to the practical student. I may specially men- 
tion Professor Lewes’ and William Young's papers on the luminosity 
of gas flames, Mr. Sheard’s paper on effect of CO, and his discussion 
of Mr. Newbigging’s paper, Professor Anthony’s paper already re 
ferred to, Professor Mayer's account of Sector disc experiments, Cap- 
tain Abney’s lectures and Mr. Sugg’s paper on photometry. 

As gas engineers engaged in the practical, every day work of our 
profession, we cannot expect to do much in the way of original inves- 
tigation in the science of optics, but we can keep informed as to the 
progress in practical photometry, and possibly we may assist the men 
of science in putting the results of their patient labors into more prac- 
tical shape. 

Before concluding, I wish to raise my voice in earnest protest against 
too ready condemnation of the photometer. Before a recent meeting 
of a sister association a remark was made to the effect that the photo- 
meter could be made to give any reading to suit the prejudices of the 
observer. Is it not at once to be understood that in any laboratory 
test, the statement of the result is absolutely dependent upon not only 
the accuracy of the instrument and the skill of the experimenter, but 
upon his honesty? Why should we expect the photometer to give 
accurate results irrespective of the observer’s wishes ? 

Commercially reliable results can be obtained, and are constantly 
being obtained, with the bar photometer, and if they are not so obtained 
the one charged with the making of the tests should be held responsi- 
ble. Of course, where results far outside of the beaten track are ob- 
tained it is reasonable that we should ask if these abnormal results were 
not obtained while some of the sources of error were out of mind. In 
such extreme cases no honest investigator would object to the request 
for confirmation. 

No doubt lack of uniformity in the instruments and in the manipula- 
tive methods employed, add to our difficulties, but this can be improved, 
not by condemning the photometer as worthless, but by recognizing its 
intrinsic worth and then co-operating to make its statements more uni- 
formly comparable. 

Further still, after we get our statements from the photometer let us 
bear in mind that it still rests with us to properly interpret those 
statements. 

The prime importance of sending out a uniform quality of gas will 
be readily admitted by all. Without the photometer how shall this be 
insured ? 

In conclusion, I maintain, that ‘‘candle power” is a true measure 
of illuminating power under the conditions prescribed for the test. 

That the photometer can be relied upon with confidence to correctly 
measure the illuminating power of a light-source. 


That the total illumination and the intensity of illumination must of 
necessity vary with the subdivision and distribution of our light-source, 
and with the nature of the surrounding surfaces. 

That a measurement of the spherical ‘‘candle power” of the light- 
source and a determination of its eolor composition will, as far as pos- 
sible, enable us to estimate the light effect obtainable under varying 
conditions. 

That the actual measurement of the total illumination of an inclosed 
space and of the different de of intensity of illumination, is well- 
nigh impossible, and our failure in this direction is no criticism of the 
photometer or of the principles upon which it operates. 

That the intensity of illumination, either of an open or of an inclosed 
s , cannot be made uniform by the employment of any artificial 
light-source, but our aim should be to modify the effect of the law of 
distances and the spherical distribution from the light-source, so that, 
as far as possible, the illumination should be distributed uniformly 
where required. 

That it should be our aim, as far as possible, to shield the eye from 
the direct light rays, and so give the eye the fullest possible opportunity 
to appreciate the illumination afforded. 


APPENDIX. 


Exuisit A.—Index of Standard Works and Extracts from Recent 
Gas Periodicals on Photometry and Illumination, Referred tod in 
Foregoing Paper. 


Note.—The books and papers are first shown in alphabetical ortler ; th t 
shown in alphabetical order, their writings being referred to by number, srr ameter: 


Nors.—J. of G. L , (London) Journal of Gas Ligh ;.G. W., The ndon) Gas World ; 
P, A., (New York) Progressive Age ; A.G.L. J S New Yous ‘Aplttennitien eee J commas. 


1. ‘‘ Acetylene and the Part It Plays in the Luminosity of Flame.” 
Prof. Vivian B. Lewes. Lecture before 32d Annual Meeting In- 
corporated Gas Inst, G, W., June 15, 1895, 


2. ‘* Bar Photometer, The.” Editorial. P. A., Jan 16, 1893. 
3. ‘‘Candles—Rules Recently Promulgated by the Gas Referees.” 
P. A., Jan. 15, 1894, ‘* London Gas Testing,” and also copied in 
full in this Appendix. 
4. ‘‘Candle Power and Illumination.” ©. F. Prichard. Paper read 
before the 17th annual meeting N. E. Ass'n Gas Eng’rs, 1887. 
A. G. L. J., March 2, 1877. Discussion (with paper by Taber— 
‘*Units of Photometry ’’) March 2, 1887. 

. “Candle Power and Illumination, Suggestions Upon.” A. E. 
Boardman. Paper read before 14th annual meeting Am. Gas 
Lt. Ass’n, 1887. A. G. L. J., Jan. 3, 1887. 

6. ‘‘Carbonic Acid Upon Illg. Power Coal Gas, The Effect of.” By 
Jno. T. Sheard, F.C. S. Communicated to J.of G.L. A. G. 
L. J., Oct. 17, 1887. 

7. ‘*Carbonie Acid on Illuminating Power of Coal Gas, Effect of.”’ C. 
W. Hinman, Mass. Gas Inspector. A. G. L. J., Nov. 2, 1887. 

8. ‘Cathode Rays.” Lennard in Wiedemann’s Annalen ; Summary 
J. of G. L., April 3, 1894. 

9. ‘‘ Chemical Constitution of Gas Enrichers, and its Relation to their 
Enriching Value, The.” Wilfred Irwin, F.C.S. Paper before 
Manchester Section, Society of Chemical Industry. G. W. July 
20, 1895. 


ow 


10. ‘‘ Dutch Gas Association’s Report on Photometry, The.” Transla- 
tion with illustrations. G. W., Sept. 8, 22, 29; Oct. 6, 13, 1894, 
or, P. A., Oct. 1, 15; Nov. 1, 15, 1894. 

11. Summary and comments. J. of G. L., Dec. 18, 25, 1894. 

12. Letter of comment. Lewis T. Wright, G. W., Oct. 20, 1894. 

13. ‘‘ Dazzling Effect of Flashes of Light, The.” Shelford Bidwell. 
Communication to Royal Society—Summary J. of G. L., Oct. 9, 
1894, 

14. ‘‘Dibdin’s 10-Candle Pentane Argand Air-Gas Standard.” Illus 
trated description of the apparatus—being part of appendix of 
Standard Committee’s Report. J. of G. L., May 14, 1895. Also 
copied in full in this appendix. 

15. ‘‘ Diffused Reflection, Photometry of.” By E. Lommel. Abstract 
from Wiedemann’s Annalen—A. G. L. J., Nov. 5, 1894. 

16. ‘‘ Diffusion of Light from Dull Surfaces.’ Contributed to Wiede- 
mann’s Annalen by Christian Wiener. Summary—J. of G. L., 
Nov. 13, 1894. 

17. ‘‘Electric Arc as a Standard of Light, Unreliability of.” A. P. 
Trotter. Comments on paper read before Royal Society. J. of 
G. L., Aug. 28, 1894. 

18. ‘‘Flame Dimensions a Test of the Luminosity of Candles.” P. 
Glan. Communicated to Wiedemann’s Annalen. Summary—J. 
of G. L., March 20, 1894. ‘‘ Electrician’s” Comments—J. of G. 
L., April 3, 1894. 

19. ‘‘Gas Analysts’ Manual, The.” F. W. Hartley, A.I.C.E., ete. 
Published by E. & F. N. Spon. 

20. “Illumination.” By W. Ivison Macadam, F.R.S.E., F.1.C., F.C. 
S., etc. Paper before 32d annual meeting, Incorporated Gas In- 
stitute. G. W., June 15, 1895. 

21. ‘Illumination vs. Candle Power.’’ Paper by Alex. C. Humph- 


reys, M.E., before 15th annual meeting Amer. G. L. Ass'n, 1887. 
A. G. L. J., Nov. 2, 1887. Discussion (with paper by E. C. 
Jones). A. G. L. J., Nov. 2, 1887. 

‘‘ Illuminating Power and Illuminating Effect.” Thomas Newbig- 
ging. Paper before (English) Incorporated Gas Institute, 1894. 
J. of G. L., June 26, 1894. Discussion, J. of G. L., July 3, 1894. 

. Letter by Charles Hunt. J. of G. L., July 3, 1894. 

. Reply by Thomas Newbigging. J. of G. L., July 10, 1894. 

. Reply by Charles Hunt. J. of G. L., July 17, 1894. 
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1894. 
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1894. 
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. Letter in reply by Mr. Newbigging. G. W., Dec. 22, 1894. 
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. ‘Incandescent Gas Lighting.” 


22. 
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38. ‘Intensity of Light and Visual Perception, The Relation of.” 


39. ‘* Lighting Power of White and Yellow Flames, The.” 
. “London Gas Testing.”’ 
. ‘Luminosity in the Flames of Hydro-Carbon Gases, The.”’ 
2. ‘‘ New Photometrical Method, A.” 


. ‘New Platinum Standard of Light.” 


Translated by Prof. Geo. W. Patterson, Jr., M. A., B. S., and 
M. R. Patterson, B. A. Published by D. Van Nostrand Co., 
New York ; Sampson Low, Marston & Co., Ltd., London. 

By 
Edward C, Jones. Before the 15th Annual Meeting Amer. G. 
L. Ass’n, 1887. A. G. L. J., Nov. 2, 1887. Discussion (with 
paper by A. C. Humpreys.) A. G. L. J., Nov. 2, 1887. 
Discussion 
G. W., Jan. 5, 1895. 

P. A., Jan. 15, 1894. 
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By 
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A. G. L. J., April 22, 1895. 

J. B. Spurge. Comments on 
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J. of G. L., Dee. 11, 1894. 

W. J. Dibdin, F. I. C., F.C. 8. 
J. of G. L., Nov. 6, 1894. 


O. Lummer and F. Kurlbaum. 
‘** New Standard of Light, The.” 
Report of Lecture. 


. ‘* Notes on the Chemical Constitution of Illuminating Gas in Re 


lation to its Illuminating Value, and on Some of the Physico- 
Chemical Conditions Which Influence the Luminosity of Gas 
“lames.” W. Young. Paper read before the 34th Annual 
Meeting North British Association of Gas Managers. J. of G. 
L., July 30, 1895, Discussion. J. of G. L., July 30, 1895. 

‘* Photo-Electric Phenomena.” J. Elster and H. Geitel. Letter to 
‘** Nature.” Summary—J. of G. L., Oct. 9, 1894. 


464. ‘“‘Illuminating Power of Flat Petroleum Flames in Various 
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50. Report of the Committee. 


. ‘Photometry of Beacon Lamps.” 


Azimuths, On the.” By Prof. Alfred M. Mayer, American 
Journal of Science, January, 1891. 

‘* Photometrical Nomenclature, A Systematized.” André Blondel 
in La Lumiére Electrique. Summarized in J. of G. L., Dec. 18, 
1894. 

‘*Photometrical Suggestions.” J. M. Barr and C. E. S. Phillips. 
Paper on ‘‘ Brightness of Light,” before (English) Institution 
Electrical Engrs. J. of G. L., March 27, 1894. 

‘*Photometrical Standard Committee, The Work of the.” Prof. 
Vivian B. Lewes. Paper read before the Incorporated Inst. of 
Gas Engrs., 1895. J. of G. L., May 14, 1895. 

Appended to above paper, and also 
copied in full in this appendix. J. of G. L., May 14, 1895. Dis- 
cussion of Paper. J. of G. L., May 21, 1895. (See ‘‘ Dibdin’s 
Ten-Candle Pentane Argand Air-Gas Standard.’’) 

Letter by E. Williams, F.C. 8. J. of G. L., Sept 10, 1895. 

‘*Photometry.” Editorial. P. A., Sept. 15, 1894. 

‘*Photometry.” Series of Lectures (3) delivered by Capt. W. de 
W. Abney, F. R. S., before British Society of Arts. A.G.L.J., 
Aug. 27 and Sept. 3 and 10, 1894. Summary and Comments, 
first lecture. G. W., April 7, 1894. 


54. ‘‘ Photometry as Applied to the Verification of the Illuminating 


Power of Gas Supplied to Towns.” By Mr. Wm. Sugg. Paper 
before the 32d annual meeting Incorporated Gas Institute. G.W.., 
June 15, 1895. 

Du Richie Preller. 
Engineering. Summary—J. of G. L,, April 10, 1894. 

‘*Pupilometry and Photometry.” Charles Henry. Summary—J. 
of G. L., Sept. 4, 1894. 

‘* Practical Photometry.” W. J. Dibdin, F.I.C.,F.C.S., ete. Pub. 
lished by Walter King, London; D. Van Nostrand Co., New 
York. 

‘Radiometry and Photometry.” (Also see Nos. 43 and 70.) O. Lum- 
mer and F. Kurlbaum. Synopsis from Wicdemann’s Annalen. 
J. of G. L., Dec. 25, 1894. 

‘* Rotating Sector Disc Photometry.” 
—J. of G. L., June 19, 1894. 

“Rule of the Inverse Squares, The.” B.E. Chollar. Paper read 
before the 10th annual meeting Western Gas Ass’n. A. G. L. J., 
July 2, 1887. Discussion. A. G. L. J., July 16, 1887. 

‘Sensitiveness of the Eye.” M. Broca. Summary—G. W., Feb. 
2, 1895. 

‘*Some Experiments in the Photometer Room.” By N. W. Gifford. 
Paper read before N. E. Ass’n. Gas Engrs., 1890. A. G. L. J., 
March 10, 1890. 

‘Standard Candles.” Communicated Article, E. G. Love, Ph.D. 
A. G. L. J., March 5, 1894, or J. of G. L., March 20, 1894. 


Letter to 


Ervin S. Ferry. Summary 


. ‘Studies of the Phenomena of Simultaneous Contrast Color, and 


on a Photometer for Measuring the Intensities of Lights of Differ- 


65. 


66. 


67. 
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71. 


72. 


73. 


74. 
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69. 


70. 


ent Colors.” (4 papers.) By Prof. Alfred M. Mayer. P. A., Jan. 
15, 1894; Feb. 1 and 15, and March 1, 1894. (From Amer. Jour- 
nal of Science, July, 1893.) 

‘Subdivision and Distribution of Artificial Sources of Illumina- 
tion.” By Prof. Wm. A. Anthony. Paper read before 11th gen- 
eral meeting of American Inst. Electrical Engrs. P. A., Oct. 15, 
1894. Discussion. P. A., Oct. 15, 1894. 

‘*Ten-Candle Lamp for Use in Photometry.” A. Vernon Harcourt, 
M.A.,F.R.S. Paper read before Physical Section of British Ass’n. 
J. of G. L., Aug. 28, 1894. 

‘“‘ Testing of Gas, The.” Being one (VII.) of a Series of Lectures on 
the Technology of Coal Gas. By Prof. Vivian B. Lewes, F.I.C., 
F.C.S. J. of G. L., March 13, 1894. 

‘‘Ultra-red Rays, The Reason for the Non-Visibility of.” Com- 
ments on Paper in Wiedemann’s Annalen. J. of G. L., Sept. 3, 
1895. 

‘‘Unconsidered Source of Error in Practical Photometry, An.” H. 
L, Greville, F.I.C. Communicated to J. of G.L. A. G. L.J., 
April 17, 1893. 

‘Unit of Light, The Search for A.” (See also Nos. 43 and 58.) O. 
Lummer and F. Kurlbaum. P. A., Feb. 1, 1895. 

‘‘ Units of Photometry.” R. B. Taber. Paper read before 17th an- 
nual meeting N. E. Ass’n. Gas Engrs., 1887. A. G. L. J., March 
2, 1887. Discussion (with paper by Prichard—‘t Candle Power 
and Illumination,”) March 2, 1887. 

‘‘Unobserved Effect of Light, An.” F. Elfving. Summary from 
journal of a Finnish Philosophical Society. J. of G. L., March 
27, 1894. 

‘“‘ Valuing Illuminating Gas, A New Method of.” John T. Sheard, 
F.C.S. Communicated Article. J. of G. L., Feb. 27, 1894. 

Letter in reply, P. Aguitton. J. of G. L., March 20, 1894. 

Letter in reply, John T. Sheard. J. of G. L., March 27, 1894. 
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Exuisit B.—Comparative Table of Different Photometric Stand- 


ards. By Violle. Quoted from Industrial Photometry, A. Palaz. 


Hefner- 


Violle Car- Star German English Alteneck 

Units. cels. Candles. Candles, Candles. Lamps. 
VINE CMs di oWeceauas 1.000 2.08 16.100 16.400 18.50 18.90 
CHER sé 5 ceckewasccnns 0.481 1.00 7.750 7.890 8.91 9.08 
Starcandles............ 0.062 0.130 1.000 1.020 1.15 1.17 
Germancandles........ 0.061 0.127 0.984 1.000 1.13 1.15 
English candles........ 0.054 0.112 0.87 0.886 1.00 1.02 
Hefner-Alteneck lamps..0.053 0.114 0.853 0.869 0.98 1.00 


Dutch Gas Association’s Report on Photometry gives the following : 
Carcel = 9.631 English candles. 

German Candle = 1.1053 English candles. 

Hefner-Alteneck = 9.213 - = , 
Ether-Benzol Standard (as proposed by committee) = 1.48 English 


candles. 





London 16-Candle gas corresponds to 17.5 candles by the Berlin bur- 


ner, and to a consumption of 99.2 litres per hour by the Paris method, 


The Paris standard consumption of 105 litres per hour corresponds 


to 14.7 candles by the London, and 16.8 candles by the Berlin burner. 


Berlin 16-Candle gas corresponds to 13.4 candles with London bur- 


ner, and to a consumption of 110 litres per hour by the Paris method. 
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Dibdin gives 
Carcel, as determined by Sugg 


ae 


= 9.6 English candles. 
* himeaalf = 0.4 <: * s 


Mean, 9.5 

Harcourt’s Pentane Air Gas Standard = 1 English candle. 

Dibdin’s Pentane Argand Air Gas Standard = 10 English candles. 

Comparisons between the pentane standards and the other standards 
as given by Violle can be made by reference to the foregoing table, 
reading the columns for English candles for the Harcourt standard and 
for the Dibdin standard reading the same columns, moving the decimal 
point one place to the right in the horizontal line, and one place to the 
left in the vertical column. 


EXHIBIT C.—Candles. 


Rules Recently Promulgated by the Gas Referees in Connection with 
the Testing of London Gas. 


1. All candles to be used in the testing places shall be made with 
the materials hereinafter prescribed, and shall, when made, be exam- 
ined and certified by the Gas Referees. 

2. The wicksshall be made of three strands of cotton plaited together, 
each strand consisting of 18 threads. The strands shall be plaited with 
such closeness when the wick is laid upon a rule, and extended by a 
pull just sufficient to straighten it, the number of plaits in 4 inches 
shall not exceed 34, nor fall short of 32. Each wick shall be of suitable 
length, and looped ready for fixing in the mold. After having been 
bleached in the usual manner and thoroughly washed (see appendix) 
the wicks shall be steeped in a liquid made by dissolving one ounce of 
crystallized boracic acid in a gallon of distilled water, and adding two 
ounces of liquid ammonia. They are then to be gently wrung or 
pressed till most of the liquid has been removed, and dried at a moder- 
ate heat. Twelve inches of wick thus made and treated shall weigh 
not more than 6.5 nor less than 6 grains. The weight of the ash re- 
maining after the burning of ten wicks which have not been steeped in 
boracic acid, or from which the boracic acid has been washed out, shall 
be not more than 0.025 grain. Wicks made in accordance with this 
prescription shall be sent to the office of the Gas Referees, by whom 
they will be examined and certified. The wicks so certified are to be 
used by the candle maker in the condition in which they are returned 
to him. 

3. The spermaceti of which the candles are made shall be genuine 
spermaceti, extracted in the United Kingdom from crude sperm oil, the 
product of the sperm whale, (Physeter Macrocephalus.) It shall be 
so refined as to have a melting point lying between 112° and 115° Fahr. 
An account of the method by which the melting point of the sperma- 
ceti is to be determined is given in the appendix. Since candles made 
with spermaceti alone are brittle, and the cup, which they form in 
burning, has an uneven edge, it is necessary to add a small proportion 
of beeswax or paraffin to remedy these defects. We therefore prescribe 
that the best air bleached beeswax, melting at or about 144° Fahr., and 
no other material, shall be used for this purpose, and that the propor- 
tion of beeswax to spermaceti shall be not less than 3 per cent., nor 
more than 44 per cent. 

4, The candles made with the materials above prescribed shall each 
weigh, as nearly as may be, one-sixth of a pound, and will be found to 
answer to the following test: Immerse a candle, taper end downward, 
in water of 60° F., with a brass weight of 40 grains attached to the wick 
by a small piece of thread. When a further weight of 2 grains is laid 
on the butt end of the candle it will still float ; but with a weight of 4 
grains it will sink. As the rate of burning of a candle is affected by 
the force with which the wick is pulled when it is set in the mold, the 
strain commonly applied by an experienced maker of candles has been 
measured, and is found to be about 24 ounces. The candles shall be 
sent to the office of the Gas Referees, by whom samples from each batch 
will be examined and tested. Each batch of candles shall be accompa- 
nied by a specimen of the spermaceti (unmixed with beeswax) which 
was used in making them. Packets of candles approved by the Gas 
Referees will be sealed by them, and certified for use in the testing 
places. 

5. The candles are to be used by the gas examiners as heretofore, in 
accordance with the half-yearly ‘‘ Notifications” of the Gas Referees. 
The results are to be corrected as usual, on the assumption that for small 
variations the light of a candle varies directly with its consumption ; 
and if any candle in a packet certified by the Gas Referees is found by 
a gas examiner to burn at a rate exceeding 126, or falling short of 114 
grains per hour, the testings made with that candle are to be rejected. 
Appendix,—Method of Determining the Melting Point of the Sper- 








maceti.—As various methods are used by different refiners of sperma- 
ceti for determining the melting point, which lead to different results, 
it must be noted that the temperatures here given as the limits within 
which the melting point of a sample of refined spermaceti should fall— 
viz., 112°and 115° F.—have been found by the following method, which 
is known as the capillary tube method: A small portion of the sperma- 
ceti is melted by being placed in a short test tube, the lower end of 
which is then plunged into hot water. A glass tube drawn out at one 
end into a capillary tube, about 1 mm. in diameter, is dipped, narrow 
end downward, into the liquid spermaceti, so that, when the tube is 
withdrawn, 2 or 3 mm. of its length are filled with spermaceti which im- 
mediately solidifies. The corresponding part of the exterior of the tube 
is also coated with spermaceti, which must be removed. The narrow 
part of the tube is then immersed in a large vessel of water of a tem- 
perature not exceeding 100° F. The lower end of the tube which con- 
tains the spermaceti should be 3 or 4 inches below the surface and close 
to the bulb of a thermometer. The upper end of the tube must be 
above the surface, and the interior of the tube must contain no water. 
The water is then slowly heated, being at the same time briskly stirred 
so that the temperature of the whole mass is as uniform as possible. 
When the plug of spermaceti in the tube melts it will be forced up the 
tube by the pressure of the water. The temperature at the moment 
when this movement is observed is the melting point. 

Method of Washing Wicks.—As it is found to conduce to the regular 
burning of candles that the wicks should have been as far as possible 
cleaned and freed from mineral matters, it is recommended that the 
candle maker, before steeping the wicks, shall wash them first in dis- 
tilled water made alkaline with between 1 and 2 per cent. of strong 
liquid ammonia, then in dilute nitric acid containing about 10 per cent. 
of strong acid, and then repeatedly in distilled water. 

Exuisit D.—Report of the Photometric Standard Committee. 
(Recommending the Acceptance of the Dibdin Pentane Air Gas Stand- 
ard.) See paper by Prof. Vivian B. Lewes, ‘‘ The Work of the Photo- 
tometric Standard Committee.”—J. of G. L., May 14, 1895. 

To the Right Honorable the President of the Board of Trade—Sir : 
Having been constituted a Committee by the Board of Trade, on Dec. 
23, 1891, ‘‘ to inquire into and report to them upon the subject of the 
standards to be used for testing the illuminating power of coal gas,” 
we have the honor to submit to you the following report : 

1. It was intimated to us, by a letter from the Secretary to the Board, 
that the method at present in use for measuring the illuminative 
value of coal gas has been objected to, alike by the Metropolitan Gas 
Referees and the London County Council, as being of an unsatisfactory 
nature ; that the London Gas Companies are alive to the defects in the 
present system ; and that legislation is admittedly necessary for the pur- 
pose of substituting a more reliable standard for that now in existence ; 
but that, in view of the difference of opinion as to what the substituted 
standard should be, the President of the Board deemed it advisable that, 
before his support was given to any legislation, the whole question 
should be considered by a committee that would command the confi- 
dence of the various interests affected. 

2. The method at present in use for measuring the illuminative value 
of coal gas consists in comparing the light of the gas, when burning 
from a particular burner at a specified rate, with the light of a sperm 
candle burning also at a specified rate, which last is taken asa standard. 
We have satisfied ourselves, from considerations set forth in the appen- 
dix tothis report, that the flame of a sperm candle does not furnish a 
satisfactory standard, by reason of the amount of light which it affords 
varying over a wide range, under conditions as to the manufacture of 
the candle, as to its mode of use, andas to adventitious circumstances 
attending its use, which, as a whole, it is not possible to regulate and 
define. 

3. Though recognizing, however, that the sperm candle flame does 
not furnish a satisfactory standard, we nexertheless consider it advisable 
that, in official documents and reports, the quantity of light yielded by 
coal gas burned under specified conditions should continue to be ex- 
pressed as heretofore, in terms of candle light, the actual comparison, 
however, being made between the gas light and some well defined and 
constant light ascertained to be equal in quantity to, ora definite multi- 
ple of, the average light given by the standard sperm candle. 

4. We have further come to the conclusion that, in the present state 
or experience and knowledge, the source of the light to be used as a 
standard by gas testers generally, must be produced by the process of 
combustion, and be in the nature of a flame. 

5. We find that the 1-candle light flame proposed by Mr. A. Ver- 
non Harcourt as giving a standard light, and commonly known as the 
‘* Harcourt pentane air gas flame,” when used under the conditions de- 

















Nov. 4, 1895 


Amertean Gas Light Fournal. 


737 








fined, does constitute a very exact standard, capable of being reproduced 
at any time without variation of illuminative value. 

6. We have satisfied ourselves that the light given by Mr. Harcourt’s 
above-mentioned pentane air-gas flame as defined, in respect to the con- 
ditions of its production, in the appendix, is a true representative of the 
average light furnished by the sperm candle flame constituting the 
present standard. Since 1879, when the pentane air gas flame was first 
introduced, many series of experiments have been made by different ob- 
servers, in which the light of the proposed standard has been compared 
with the light of the standard sperm candle flame, with the result that, 
in those series of experiments in which the height of the pentane air 
gas flame was adjusted strictly according to the directions given in the 
appendix, the light afforded by this flame was found to agree exactly 
with the mean result afforded by the standard candle flame. In other 
series of experiments, indeed, in which a slight variation was made in 
the mode of adjusting the height of the pentane air gas flame, some dis- 
crepancies in the direct results furnished by the comparison of its light 
with that of the standard candle flame were observed ; but in these 
several series of experiments also, when the necessary correction called 
for by the difference in the mode of adjustment resorted to was made, 
the light of the pentane air gas flame was found to accord closely with 
the mean result afforded by the standard candle flame. 

7. Inasmuch, however, as there is a practical advantage in comparing 
directly the light of such a coal gas flame as is usually tested (being, 
that is, of about a 16-candle light value,) with a light approximating 
somewhat in value thereto, we have further submitted to careful exam- 
ination the flame of the 10-candle light pentane Argand proposed as a 
standard by Mr. W. J. Dibdin in 1886. This flame is produced by 
burning a mixture of air and pentane vapor from a suitable Argand 
burner, provided with an opaque screen, by which the light from the 
upper portion of the flame is cut off. The screen being set at a definite 
height, it was found by Mr. Dibdin that, owing to a compensating 
action affecting the lower or exposed portion of the flame, the lumin- 
osity of this portion of the flame remains constant even under consid- 
erable variations, whether in the total height of the flame or in the 
proportion of pentane vapor to air in the mixture burnt. With a 
view to simplify the construction of the Argand burner furnishing a 
cut-off flame of this constant luminosity, we have tried various changes 
ia the form of the cone and in the division of the air supply to the 
flame, but in every case have found the original burner, as supplied by 
Mr. Sugg for the purpose, to give more satisfactory results than the 
modified forms. 

8. The amount of light emitted by the portion of the Dibdin Argand 
pentane air flame that is used in photometry being dependent on the 
distance above the steatite ring of a screen by which the upper part of 
the flame is cut off, we have come to the conclusion that when the 
bottom of the screen is fixed at a height of 2.15 inches (54.6 mm.) above 
tie top of the steatite ring, the amount of light emitted by the lower 
portion of the flame is substantially equal to ten times the average 
light of a standard sperm candle flame, or to ten times the light of Mr. 
Harcourt’s 1-candle light pentane air gas flame. 

9. We have further satisfied ourselves that any number of Dibdin 
Argand burners may be produced, having the form and dimensions 
set forth in the appendix ; and that these several burners, when used 
in the manner there defined, may be depended on to furnish a flame 
giving, when duly screened at the top, ten times the average amount 
of light given by a standard sperm candle. 

10. We therefore recommend that the pentane air flame furnished by 
a Dibdin Argand burner, having the form and dimensions set forth in 
the appendix, and used in the manner there defined, be accepted as 
giving the light of 10 standard candles, and that this flame be author 
ized and prescribed for official use in testing the illuminating power of 
the gas supplied by the London Gas Companies. 

11. We further recommend that sealed specimens of the burner, the 
carburetor, and the pentane for use therewith, duly certified by the 
Gas Referees, be deposited with the Board of Trade, and also in such 
places and in the care of such persons as the Board may direct, to be 

available for the purpose of comparison, in the event of any question 
arising as to whether the pentane air flame or some~particular burner 
does or does not afford the same amount of light as that now proposed 
for adoption as a standard. 

12. With a view to making some provision for future possible im- 
provements and requirements, we further recommend that the Gas 
Referees be authorized, should they at any time see- fit,to approve and 
certify for use in gas testing any other flame, based upon the 10-candle 
standard defined above, which they may consider suitable for the pur- 
pose, whether produced in a like or unlike way, and whether having 


the same or a different multiple value; such other flame, however, 
not to be used for gas testing unless approved by the Board of Trade, 
and unless the gas companies give their consent to its adoption as a 
standard. 

13. We further recommend that the illuminating power of coal gas 
shall continue to be recorded as heretofore in terms of the light given 
by a specified number of cubic feet (to wit, 5 cubic feet) burnt per hour 
from the standard ‘‘ London” Argand burner ; but that, in testing the 
illuminating power of the gas, the requirement that the gas shall ac- 
tually be consumed at this rate be rescinded, so as to allow the Gas 
Referees to sanction' a mode of testing in which the gas shall be burned 
from the standard ‘‘London” Argand burner at whatever rate is 
found requisite in order that it may give a light equal to that of the 
prescribed number of candles, and in which the illuminative value of 
the gas shall be calculated as being inversely as the rate at which such 
gas had to be burned during the testing so as to give this amount of 
light. We have the honor to be your most obedient servants, 


(Signed) WILLIAM ODLING, Chairman. WILLIAM POOLE. 
W. J. DIspIn, GEORGE Ross-INNEs. 


E. FRANKLAND. A. W. RUCKER. 
A. VERNON HARCOURT. W. J. RUSSELL. 
GEORGE LIVESEY. G. C. TREWBY. 


Subject to the omission from 13 of the words ‘“‘the Gas 
Referees to sanction,” H. E. Jongs. 
VIVIAN B. LEwEs, Secretary. 


ExuHIBit E.—Dibdin’s 10-Candle Pentane Argand Air Gas Stand- 
ard. (From the Journal of Gas Lighting, May 14, 1895.) 

When reading his paper on ‘‘ The Work of the Photometric Standard 
Committee,” at the meeting of the Incorporated Institution of Gas En- 
gineers last week, Professor Lewes exhibited Mr. Dibdin’s 10-candle 
pentane Argand air gas standard, which, as will be seen by the paper, 
given in another part of the Journal, is reeommended by the Committee 
as the standard to be used for testing gas. An illustrated description 
of the apparatus is given in Section IX. of the appendix to the Com- 
mittee’s report ; and this portion of the document we have permission 
to reproduce. 

The apparatus used in producing this standard consists of two separate 
portions—viz., the burner and the carburetor. The burner is a specially 
constructed tri-current Argand burner ; the annular steatite ring being 
perforated with 42 holes, each hole being 0.71 millimeter in diameter. 
The three air currents are: (1) The central current rising inside the 
steatite to the inner portion of the flame; (2) a current rising outside 
the steatite, and caused to impinge upon the flame by an inner metal 
perforated and incurved cone, the top of which is level with the top of 
the steatite ; (3) an outer current rising on the outside of the above cone, 
and between that cone and the glass chimney. The inner perforated 
cone is punctured with ten apertures 0.25-inch in diameter, which are 
provided for the purpose of equalizing the two outer currents of air as 
may be required to suit the height of the flame. 

The glass chimney is carried in the groove provided on the outer cone, 
which answers the purpose of a gallery ; the dimensions of the chimney 
being 6 inches high and 1} inches inside diameter. The top of the flame 
should be maintained as nearly as possible at 3 inches above the steatite; 
this point being indicated by the wires crossing the blue glass screens 
carried on each side of the burner on the metal supports. The flame is 
steadied by the small air-directing cone situated centrally beneath the 
steatite ; the apex being 0.03-inch below the metal support carrying the 
steatite. 

On the side of the burner to be presented to the photometer disc, a 
metal screen, 8$ inches in height, is placed and screwed securely to the 
base plate. The middle portion of this screen is cut away, so as to leave 
above the top of the steatite burner an opening 2.15 inches in height and 
1.4 inches in width; the lower portion of this opening being exactly level 
with the top of the steatite. The light emitted horizontally through this 
opening by the flame produced by the combustion of the gaseous mix- 
ture of atmospheric air and pentane formed in the carburetor described 
below is used as the standard of light. Itis equal to the light emitted by 
10 parliamentary sperm candles. The lower portion of the screen has 
an opening 1 inch wide by 2.3 inches in height, to allow free access of 
air to the under portion of the burner. 

The various dimensions and arrangements of the parts are more par- 
ticularly described in the following table of measurements and accom- 
panying detailed plans. 

The position of the burner in relation to the photometer disc is to be 
fixed by the burner fitting gas-tight into a faced joint attached to the 
photometer at the required point ; and the burner is to be set at such a 





1, These words, as will be seen by his note to the report, were objected to by Mr. H. E. 
Jones, 
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height that the center of the illuminated disc and the bottom edge of 
the cut-off shall be in the same horizontal plane. The length of the 
connection between the burner and carburetor may be varied, but 
should not be more than’5 feet. The center of the flame is to be imme- 
diately over the terminal point of the photometer bar. 

The carburetor for the 10-candle pentane Argand consists of a cir- 
cular vessel constructed of tinned plate, 203.2 mm. (8 inches) in diame- 
ter and 50.8 mm. (2 inches) in depth, having a spiral division 25.4 mm. 
(1 inch) in width. This division is made by soldering in a spiral strip 
of metal, 4 feet 6inches in length and 2 inches wide, gas-tight, to the 
under side of the top of the carburetor ; so that, when the top is fixed 
on, the bottom of the strip comes close to the bottom of the vessel, and 
is sealed by the pentane, so that the air has to pass over pentane for a 
distance of about 4 feet 6 inches, and becomes thoroughly saturated. 
At the end of the spiral division, near the side of the carburetor, a bird 
fountain is fixed for charging the carburetor, and keeping it charged at 
constant level with liquid pentane. The lower end of the inlet foun- 








Dibdin’s Pentane Argand and Carburetor. . 
Measurements of Burner. 
IO TE ND ssinsincncscccveciesesheatncac ads eopedoanaecns 42 
EE DOE, asinkcs npticctucsds-cekedskbcwaiund yous doweonuee 0.71 mm. equal 0.028 inches. 
nside diameter of steatite 9.90 ‘ ~* Gn “ 
Outside diameter of steatite : = “Gane: 
Diameter of — of metal cone at top.. coce 28.68 ‘* “* 0.980 ‘ 
Chimney le «+ 15240 “* pes | eid 
ins le fee «+. 38.10 “ < fae, 
Height of cut-off . 54. v ae 
The center of the flame to be immediately over the terminal of the photometer bar. 
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Glass Plate. 
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PLAN OF BOTTOM PLATE. 




















Framinz and Screen of Dibdin’s 10-Candle Standard Burner, 
(One-Half the Real Size.) 
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tain tube is closed, and rests upon the bottom of the tank. Through! The inlet for gas or air is at the side of the carburetor, and at one ter- 
the side of the tube, which is 0.4 inch (10.1 mm.) in diameter, 16 holes, | minal of the spiral division; the outlet being placed in the center of the 
1mm. in diameter, are bored close to the bottom, and through these the | vessel, so that the air or gas may travel over the liquid pentane 
pentane enters the carburetor. At one side of the inlet tube, 1 inch throughout the whole length of the spiral-division, and -thus become 
from the lower end, a small tube, 3 mm. in diameter and 20 mm. in | fully charged with the volatile vapor of the pentane. 

length, is connected thereto and turned upwards. The fountain inlet; When using this standard, the pentane must %e visible in the foun- 
tube is carried up through the top of the carburetor, and continued in tain bulb. } 

the form of a bulb having a capacity of about 200c.c. Stopcocks are | PenTaNE—Preparation and Tests. 

provided at the top and bottom of the bulb, for convenience in filling The following extracts from Harcourt, Lewes and Palaz may be use- 
with pentane ; and the portion above the upper stopcock is opened out ful for reference. 

in a funnel shape for the same purpose. When the carburetor is being| Harcourt—* * * ‘The‘liquid used for its preparation is the lightest 
charged, the gas must be extinguished, to avoid the risk of the vapor | and most volatile portion of American petroleum, obtained by purifying 
firing and causing an explosion. and rectifying in the manner already described the ‘gasol] n+’ or light 
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Carburetor for Use with Dibdin’s 10-Candle Standard Burner. 
(One-Third the Real Size.) 


petroleum procured by the air gas companies in this country from Pratt, 
of New York. The rectified liquid begins to distill at about 65° F., and 
the distillation is almost complete ‘when the temperature of the vapor 
has reached 120°. The liquid consists of hydrocarbons of the paraffine 
series, chiefly of pentane, but with an admixture of the homologous sub- 
stances tetrane and hexane. Its specific gravity varies between the 
limits 0.628 and 0.631 at 59° F.; but recent experiments have shown that 
air gas of the same illuminating power is obtained with samples vary- 
ing in specific gravity between 0.614 and 0.645. The vapor of the liquid 
weighs 2} times as much as an equal volume of air.” 

Lewes—* * * ‘It is prepared by distilling the light petroleum at 
140°, 131° and twice at 122° F. The pentanethus prepared must satisfy 
the following tests: On agitation with 1-20th of its bulk of fuming sul- 
phuric acid for five minutes, it must impart to the acid only a faint 
brown color. Its liquid density must be between .62 and .63 at 62° F. 
The liquid must evaporate absolutely without residue, at ordinary tem- 
perature, when the tension of its vapor is not less than 7.5 inches of 
mercury. Density of vapor compared with air must not be less than 
2.47 nor greater than 2.53.” 

Palaz—* * * ‘*The carburet is prepared by a fractional distillation 
of ‘gasoline’ previously washed with sulphuric acid and caustic soda. 
The liquid decanted is distilled four times successively at 60’, 55°, 50° C. 
(= 140°, 131°, 122° F.) and lastly at 50° again. The product obtained is 
composed of hydrocarburets of the paraffine series, Cn Han + 2, princi- 
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pally pentane, C,H,,, mixed with its homologues, tetrare, C,H,,, and 
hexane, O,H,,. Its specific gravity at 15° (= 59° F.) varies between the 
limits 0.628 and 0.631.” 


[We regret very much our inability, under the ruling of the Associa- 
tion, to reproduce the discussion on Mr. Humphrey's paper. According 
to the accepted laws of the Association the JOURNAL may not take 
stenographic notes of anything that transpires at its meetings, and an 
attempt to report the substance of the discussion on this paper by ordi- 
nary longhand methods would result only in confusion and failure. 
This status is regrettable, for the discussion bristled with meritorious 


ints.—Eps. 
— ] [To be Continued.] 








Purifying Gas Without Valves. 
cians 

The London Journal says that in connection with the recent visit of 
the members of the Incorporated Institution of Gas Engineers to the 
Garston works of the Liverpool Gas Company, it should be recorded 
that the attention of the visitors was drawn by the Engineer of the Com- 
pany, Mr. W. King, to a peculiarity of the purifying arrangements. 
The carbureted water gas made at these works is purified by lime, with 
a catch purifier of oxide. The singularity of the arrangement of the 
purifying plant consists in the absence of valves ; their place being sup- 
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plied by simple siphons or U-bends in the gas mains, which can be filled 
with water so as to absolutely cut off the passage of gas, or emptied at 
will. It was explained by Mr. King that he had had so much trouble 
with valves in connection with sulphur purification—even those of the 
water-slide type—that, when it became necessary to provide purifying 
arrangements for the new carbureted water gas station, he decided to 
dispense with everything of the kind, and fall back upon the simple, 
positive action of asiphon. There can at any rate be no leakage of gas 
through such a substitute for the usual valve; and the only obvious 
drawback—the liability to freezing during severe weather—can, of 
course, be met in the ordinary way already employed in the same cir- 
cumstances for the hydraulic seal of the purifier covers. It is believed 
that the Garston purifier house is unique in regard to the absence of 
valves of any kind. 








ITEMS OF INTEREST FROM VARIOUS LOCALITIES. 
ohana 
Mr. Henry C. KeEvsey has been elected President of the Newark 
(N. J.) Gas Company, vice Mr. John L. Blake, resigned. 





AT the annual meeting of the Madison (Ind.) Gas and Electric Light 
Company the following Directors were chosen : W. H. Powell, F. I.. 
Powell, S. J. Smith, R. J. Graham, O. H. Cunningham, G. E. Trow 
and James Somerville. The Board subsequently perfected the follow- 
ing organization : President, W. H. Powell; Secretary, H. N. Goold ; 
Treasurer, F. L. Powell. 





THE offices of the Hackensack (N. J.) Gas Company have been re- 
moved to the Pearce building. 





A CORRESPONDENT at Providence, R. I., incloses the following clip- 
ping from a recent issue of the Providence Journal: ‘‘ An action of 
tort based on novel grounds is likely to be instituted by the Lynn (Mass.) 
Gas and Electric Company against Edward H. Oakes, a local electrician 
and inventor. Ithas been found thatthesupply pipe entering the house 
had been tapped just outside the cellar wall, which had been under- 
mined for that purpose, and that by an ingenious arrangement of auxil- 
iary pipes and stopcocks, hidden under the cellar floor and in hollow 
posts, the house was supplied with gas, of which the meter gave no 
sign. A small gas stove was used in Oakes’ apartments, and the fuel 
for this had been allowed to come through the meter for the purpose, it 
is supposed, of allaying any suspicion in the Company’s office.” 





THE Tax Commissioners, of Newark, N. J., have revised their valu- 
ation of the Newark consolidated gas properties. After a hearing it 
was decided to place the valuation at $1,475,000, an increase of about 
$225,000. Taking it all-in-all, the Company has been quite fairly treated. 





COUNCILMAN WM. A. MILLER, of the First Ward, Philadelphia, is 
responsible forthe introduction of the following ordinance to the Coun- 
cils of the Quaker City—the ordinance was referred to the Committee 
on Gas: 

‘* An ordinance to authorize a reduction in price of gas for fuel and 
heating purposes. 

‘* Whereas, A large number of communities in the United States are 
being furnished with gas at a low cost for fuel and heating purposes ; 
and as several Companies are now applying to Councils for privileges 
to furnish such gas to the citizens ; therefore, 

‘*This Select and Common Councils of the city of Philadelphia, do 
ordain that the Department of Public Works be authorized to reduce 
the price of gas to 75 cents per 1,000 cubic feet for fuel and heating pur- 
poses, and shall be authorized, on the application of a tenant or owner 
of property for the use of said gas for such purposes, to place an addi- 
tional meter in the premises.” 





A BALTIMORE correspondent says, ‘‘that the Consolidated Gas Com- 
pany will shortly begin laying mains in the Woodberry and Roland 
avenue districts of the Baltimore ‘ Annex,’ an extensive section which 
is without gas or electric light supply. Mr. John H. Dorsey, of Roland 
avenue, headed the movement for the extension, which has been finally 
successful after many discouragements. The extension will begin at 
Huntingdon avenue and Oak street. Mains will be laid on Hunting- 
don, Cedar, Chestnut, Elm, First, Second, Third, Fourth and Fifth 
avenues, and out Roland avenue to the new city boundary, a distance 
of two miles. There are several hundred houses in this territory, for 
which coal oil is the only means of illumination. A large number of 
those residing in the district have applied for the gas service, and it is 
expected that it will be generally used throughout the section,” 





THE following is an abstract of the text of the report submitted to the 
Common Council of Boston, by a special committee of that body, 
charged with the task of considering the expediency of Boston’s manu- 
facturing and distributing gas and electric currents on municipal ac- 
count : 

‘The first fact which is clearly apparent at the outset in investigating 
the subject of electric lighting is that the prices charged in various cit- 
ies in this country are absolutely independent of the industrial condi- 
tions attendant upon production. Some of the greatest ranges of prices 
are found in cities where the actual cost of production appears to be 
nearly the same. Then, too, the change in. price from year to year 
seems to be as entirely independeut of industrial conditions. As an 
illustration, Boston was paying, in 1890, $237 a year each for its are 
lights. In 1895 it was paying about $127 an arc for the same service. 
That there has been any change in the cost of production which would 
warrant such a reduction in price your committee believe to be impossi- 
ble. Boston is now saving $110 per arc, or about $275,000 a year, over 
what it would have had to pay had the price remained the same as in 
1890 ; but in 1890, when Boston was paying $237, it is found that the 
city of Cambridge was paying $180 an arc; Brookline, $182 ; Spring- 
field, Mass., $218 ; New York, $127, and St. Louis, $75. 

‘*The second fact that your committee find is that since 1886 about 
200 cities in the United States have begun to manufacture electric light 
for themselves with, as far as your committee can discover, uniformly 
satisfactory results. Your committee is able to state that an overhead 
line of construction, with 35 or 40-foot cedar poles, shaved and painted, 
with triple braided No.6 weather-proof line wire, including everything 
requisite for such service as Boston would require, can be constructed 
for $250 a mile. The plant in Detroit, of the finest possible make, cost 
$300 an arc. This includes the cost of expensive real estate, both in 
land and building. The actual cost of construction will not exceed 
$168 an arc for an overhead system of 3,000 arcs in Boston, and your 
committee are positive that they are not in error in making this state- 
ment. The additional cost of real estate will, of course, depend upon 
the location, but your committee believe that such locations can be se- 
cured as to bring the total cost of plant, including land and buildings, 
not over $250 an arc. Assuming that an estimate of $250 an arc is cor- 
rect, the cost to the city of a 3,000 are plant (600 lights in excess of pres- 
ent needs) would be $750,000. The interest on the investment, a fair 
charge for depreciation, and well paid labor, would, in the opinion of 
your committee, make the total cost not over $75 an arc, and there 
would be a net saving to the city of at least $125,000 a year. 

‘* Your committee would recommend that the Mayor be requested to 
petition the Legislature for an amendment to the Act of 1891, whereby 
the city shall not be compelled to purchase the present electric light 
systems at a price greater than that at which they can be duplicated. 
That establishing and maintaining an electric light plant by the city for 
the lighting of its streets and public buildings would result in saving 
hundreds of thousands of dollars yearly is fully demonstrated by the 
experience of other cities in the United States. Your committee, there- 
fore, recommend the passage of the accompanying resolves and order : 

‘*Resolved, That in the opinion of the City Council the city of Boston 
should not pay more than $75 per arc per year for its electric lighting, 
pending the establishment of a municipal electric light plant. 

** Resolved, That in the opinion of the City Council of the city of 
Boston, and in accordance with the provisions of chapter 370 of the Acts 
of 1891, and chapter 454 of the Acts of 1893, it is expedient to exercise 
the authority conferred by section 1 of said chapter 370 of the Acts of 
1891, entitled, ‘An Act to enable cities and towns to manufacture and 
distribute gas and electricity.’ 

‘‘Resolved, That in the opinion of the City Council of the city of Bos- 
ton, the establishment of a municipal electric light plant will result in 
a great saving to the taxpayers; therefore, be it 

‘‘Ordered, That his honor the Mayor be requested to petition the Gen- 
eral Court at its next session for the passage of an Act that will enable 
the city of Boston to secure, at the earliest possible date, its electric 
lighting at a minimum cost.” 





THE people of Ludlow, Ky., want gas, and the proprietors of the 
Covington (Ky.) Gas Light Company are willing to pipe the streets of 
Ludlow, provided the authorities will grant a franchise on the following 
named terms: For the exclusive right to manufacture gas in Ludlow 
for a period of 25 years the Company will supply gas for street lighting 
and other public purposes at the rate of $1.25 per 1,000 cubic feet ; the 
rates to ordinary consumers not to exceed $1.65 per 1,000 cubic feet. 
For the exclusive right during a term of 15 years the rates are to be 








$1.50 on public and $1.85 on private account. 
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THE Philadelphia Press, of the 29th October, said: ‘‘At a meeting of 
the Board of Directors of the United Gas Improvement Company, held 
yesterday, it was decided to increase the capital stock from $10,000,000 
to $11,500,000, which is equivalent to an increase of 15 per cent. The 
action taken by the Directors was embodied in a resolution recommend- 
ing that the capital stock be increased, and that the same be paid to the 
stockholders, who have been summoned to attend a special meeting on 
December 30 for the purpose of voting for or against the proposed in- 
crease. There is no doubt that the decision of the shareholders will be 
favorable, in which event they will receive 15 shares of the new issue 
for every 100 shares of their present holdings in United Gas Improve- 
ment Company’s stock. In anticipation of the action of the Board the 
stock has advanced in price very materially, and to-day sold at 934, the 
highest price on record—the par is $50 per share. It has been rumored 
on the street lately that the Pennsylvania Heat, Light and Power Com- 
pany was going to secure control of the United Gas Improvement Com- 
pany, along with many others. President Dolan, however, of the Im- 
provement Company, said there was no truth in the rumor. He 
averred that the Pennsylvania Heat, Light and Power Company could 
not buy or lease the United Gas Improvement Company, and there was 
no thought of disposing of it to anybody.” 





THE Dansville, N.Y., gas and electric light properties have been con- 
solidated under the title of the Dansville Gas and Electric Light Com- 
pany. The Board of Directors named comprise Messrs. Charles H. 
Rowe, William A. Spinning and William A: Kramer. The electric 
light plant will be removed from its present site close to Main street to 
a plot adjoining the gas works. 





THE new holder for the Yonkers (N.Y.) Gas Light Company, located 
on Woodworth avenue near Ashburton avenue, is almost completed. 
Its rated capacity is 300,000 cubic feet. 





THE City Gas Light Company, of Norfolk, Va., will open its new 
office building on Plume street about January Ist. 





THE Wilbraham-Baker Blower Company, of Philadelphia, Pa., has 
placed its order for a new pattern storehouse with the Berlin Iron Bridge 
Company, of East Berlin, Conn. The building will be 64 feet wide 
and 86 feet long and one story high. The side walls will be of brick, 
covered with the Bridge Company’s patent anti-condensation corrugated 
iron covering, and the structure will be absolutely fireproof. The Wil- 
braham-Baker Company reports trade as very brisk in all departments. 





THE Borough Council of Hasbrouck Heights, N. J., has authorized 
the Hackensack Gas Light Company to place mains through the streets 
of the Heights. 





A Gas supply is a possibility for the residents of Barre, Vt. At any 
rate capitalists are considering the advisability of going on with such 
an enterprise. Barre is situated in a similarly named township of 
Washington county, Vt., at a point six miles southeast of Montpelier. 
It is also on a tributary of theWinooski river. Itsustains manufactures 
of iron, woollen goods and builders’ hardware, is noted for its granite 
quarries, and is altogether a go-ahead place. Its population, however, 
which does not exceed 2,500, seems to us to be altogether inadequate to 
the fair support of a gas company. 





Mr. SPENCER Irwin, of Philadelphia, has resigned from the Board of 
Directors of the Bay State Gas Company. 





THE St. Albans (Vt.) Gas Company is quite pleased with its new office 
building on Kingman street. 





THE first meeting of the Washington (D. C.) Board of Trade, “ for 
the season of 1895-6," was held in the last week of October, and one of 
the matters to occupy its attention was a report of the Committee ap- 
pointed some time ago to investigate the gas and electric lighting sup- 
ply of the city. The report was mainly devoted to a history of the 
Washington Gas Light Company, and its tone, of course, was as an- 
tagonistic as possible to that corporation. It was claimed that the 
present capitalization of the Company had grown out of an original in- 
vestment of $42,000, which was the only money paid in, and it was also 
asserted that the dividend rate for some time past had been 20 per cent. 
on $2,000,000 capital, together with 6 per cent. interest on $600,000 of 
certificates of indebtedness issued to the shareholders without cost to 


them. The report also dealt with the cost of gas in the District, the d 


Committee declaring that the cost to manufacture did not exceed 87 cents 
per 1,000, to which should be added about 30 cents per 1,000 for dis- 





tributing expenses. The Committee, of course, decided that the rate 
charged by the Company was excessive. It was found that the electric 
lighting rates were considerably higher than those charged in some 
other cities of the country, but it was also admitted that the rates were 
lower than some which prevailed elsewhere. According to the report, 
if the city owned the plant the cost would be much less, and that al- 
though the cost under the buried conduit system was greater than in 
the instance of overhead conductors, the disparity was offset by the 
greater safety of the underground system. From the figures gathered 
it looked that, under municipal ownership, the consumption of gas 
would be increased, largely, of course, because of a pronounced decrease 
in the selling rates. In fact, if the District bought the plant of the 
Washington Gas Light Company, at the valuation even put upon it by 
the Company, the District could clear $300,000 per annum, after paying 
interest on the money represented by plant investment. The Com- 
mittee recommended that the present plants should be condemned and 
purchased by the district, and introduced a resolution that the Law 
Committee of the Board draw upa bill to be presented to Congress 
authorizing the purchase of the plants and providing for the raising of 
the necessary money. In the end it was decided to table the resolution 
until 1t had been fully considered at a special meeting. 





Mr. Joun G. MATHER, Vice-President and General Manager of the 
Seattle (Wash.) Gas Light Company, is considering the advisability of 
installing a water gas plant at that point. 





THE San Rafael (Cal.) Gas and Electric Light Company, acting un- 
der the provisions of the grant obtained by it last September, has begun 
the work of construction necessary to maintaining an electric lighting 
service in the nearby boroughs of Ross and Mill Valleys, Larkspur, 
Sausalito, Tiburon and Belvedere. 





Our contemporary Electricity, in commenting editorially on the 
chaos existing in the incandescent electric lamp trade, says: What 
Electricity predicted in the incandescent lamp business is gradually 
coming true, though not as rapidly as we hoped it would. We refer to 
the enforced retirement of the makers of inferior and cheap lamps by 
the working out of natural commercial laws. There have been several 
suspensions, none of them large enough to create any particular com- 
ment. The cutting of prices has gone far enough, however, to convince 
the public itself that other things than cheapness should be considered 
in an incandescent lamp. There never were so many poor lamps on 
the market, nor such a universal protest from users against them. And 
while the leading manufacturers are turning out better lampsthan ever 
before, they are yet suffering from the evil effects of the competition in 
‘*cheapness.” The situation, though apparently better than it was a 
few months ago, is critical. Some of the makers of the best lamps, ex- 
asperated at the loss of orders by the underbidding of one cent a lamp 
on lamps known to be worth less than half as much as their own, are 
seriously considering cutting the market wide open with a reduction of 
50 per cent. in order to drive the trade disturbers out, trusting to an 
ultimate re-establishment ot fair prices. We doubt the wisdom of this 
plau, though there appears some justification for it. The most sensible 
thing would be for the lamp makers to come together in some sort of a 
combination in which each company would preserve its individuality and 
work as hard to sell its own product asever. This could be accomplished 
by the establishment of a central agency, from which all lamps should 
be billed at uniform prices for different candle powers and voltages. 
The selling arrument would then be quality alone, and the Company 
refusing to go into the combination would practically confess in ad- 
vance its lack of confidence in its own product. There should be in 
some way a general stiffening of prices, and a constant struggle to turn 
out the best lamp possible. In no other way can the incandescent 
lighting business hold its own against the competition of small arc 
lamps (constantly being improved), and against the Welsbach light, 
which has already made serious inroads on the income of many a cen- 
tral station. And it is the central station men who ought to be more in- 
terested than anyone else in improving the quality of the lamps. They 
do not aid in this by buying the cheapest lamp offered. The loss of a 
few customers by reason of poor, yellowish and offensive looking lamps 
will more than overbalance the saving of a few cents on initial cust. 
The strongest argument the central station man can offer against the 


Welsbach burner is the superior quality of the incandescent electric 
light. This quality is only obtainable by the use of the best lamps. 
The average production of lamps for this year will be about 50,000 per 


ay. An increase in price of two cents per lamp would thus mean an 
added profit of $1,000 per day to divide among the various manufactur- 
ers. Lamp makers who are in the business to stay should get together 


on the basis of better prices and better product, 
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Gas Stocks. 





Quotations by Geo, W. Close, Broker and 
Dealer in Gas Stocks, 


35 Watt 8t., New Yor« Crry. 


Novemper 4. 


g@> All communications will receive particular attention. 


{2 The following quotations are based on the par value 
of $100 per share. 








N. Y. City Companies, Capital. Par. Bid. Asked. 
Consolidated............+++» $85,430,000 100 14854 140% 
COAIIE idenexdi vere cacssesses 500,000 50 150 

“ Serip... 6a 100 - 
Equitable....... “100 200 «WK 
Bonds, 6’8.........+..++. 1,000,000 1,000 106 e% 

“Ist Con. 5’s....... 2,300,000 1,000 115 ee 
Metropolitan Bonds . .... 658,000 os 108 = 112 
Mutual......... conpenesccces §SRCREES 100 190 «e 

“ Bonds ....... ..++++. 1,500,000 1,000 100 102 
Municipal Bonds,,,......... 750,000 as os ‘ 
BR a eee 150,000 50 79 804 

bag cies os sacs 130,000 1,000 sa 98 
New York and East River . 5,000,000 100 38 B44 
Preferred,...........++. 2,000,000 100 64 05& 
Bonds Ist 5’s,......... +» 8,500,000 1,000 99% ~Ctiw«#wz 
“Ist Con, 5's....... 1,500,000. 84 8516 
Richmond Co., 8. I........ 348,650 50 50 7 
- Bonds... aes 100,000 1,000 wa 
Standard.,,............0.5.. 5,000,000 100 7 71% 
Preferred . poesce 5,000,000 100 108 e 
Bonds, ist Mortgage, Bs 8 1,500,000 1,000 109 . 
YORE os vtiddcosccoscoscccs 209,650 50 «6112 P 
Gas Co's of Brooklyn. 
125 
65 es 
101 
175 
108 
90 ° 
100 <a 
ve 98 100 
Metropolitan............. é 870,000 100 170 
- Bonds, 5's. .... 70,000 Pe Pe 
Nassau .... ....05.05 voceceve 2,000,000 3 2 “é 

a ee ey or 700,000 1,000 99 100 

Williamsburgh.............. 1,000,000 sa. 
os Bonds ....... 1,000,000 107 110 
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WANTED, 


An Agent to Push the Sale of Gas and 
Cannel Coal. 
One having good connection among Gas Companies and Coal 
Merchants. Address, stating connection and experience, 
1064-3 “X. Y. Z.,” care this Journal. 
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Position Wanted 
As Superintendent or Manager. 
Any kind of gas. 


Address ** J,,” 
Care this Journal, 


Situation Wanted 


By a practical man 
To Take Charge of a Gas Works, 








or to superintend the laying of mains, the running of ser 

vices, the placing of meters. etc. Willing to begin on a 

moderate salary. Can furnish any reference required. 
1065-2 Address ** B, J.,” care this Journal. 








Position Solicited 
As Engineer or Superintendent of Gas 
Works, 


Technology. wit Mechanical Engineer « of Stevens Institute of 

ol with seven yours experience and training in the 

ment of prope: -- 2h the Paterson Sag J.) 
Graham A 


ot msib 
mi PAUL A. DOTY 


Gas Works. halons 
1084-tf Paterson, ANY. ae 





POSITION WANTED 


As Supt. or Manager of a Gas Works or 
Gas and Electric Light Works. 


Fifteen years’ experience as Manager of Gas Works and six 

years Gas and Electric Light Works. Good reasons for wish- 

ing to change present employment. 
1043-tf Address ** Y. B.,” 


WANTED, 


By a man who has had a round experience in the manufac- 
ture and sale of gas, 


A Position as Supt. of a Large or Small Gas Works. 
Is capable and energetic, and is willing to begin at a moder- 
ate salary. Address 

1 “ B.,” care this Journal. 


WANTED, 


* care this Journal. 














A Second-Hand Gas Engine of Some a 


Standard Make, 


that will develop from 8 to 10 horse power. 

price and full particulars, 

CAPITAL GAS AND ELECTRIC LT. CO., 
Frankfort, Ky. 


WANTED, 
One or Two Purifying Boxes 8 ft. by 8 ft. 
or 8 ft. by 10 ft., with 8-in. Connections. 
Give condition, with price. 


THE VAN WERT GAS LT. CO, 
Van Wert, Ohio. 


FOR SALE, 


Four Purifying Boxes, 8 ft. by 8 ft., 


Address, giving 


1065-6 





1064-4 








with 6-inch Center Valves and Connections, in good order. 
HOUSTON GAS LIGHT CO., 


1064-8 Houston, Texas. 


Proposals for Coal Tar. 


The North Adams (Mass.) Gas Light Company invites Pro- 
posals for its annual output of Gas Tar, amouuting to 600 
barrels, The gas made on these works is strictly produced 
from the carbonization of the best gas coal, no oil being used 
even for enriching purposes. 

1064-tf F. 8. RICHARDSON, 


Proposals for Coal Tar. 


OrFice LovisvIL_e Gas Co., } 
LovIsvIL1Ez, Ky., Oct. 9, 1895, § 
Proposals will be received until noon of Nov. 15, 1895. for 
the Coal Tar produced at these works on a basis of one, three 
or five years. Particulars as to quantity, facilities, etc., may 
be had on application to the undersigned. 
1062-5 








Treasurer. 





A. H. BARRET. 





vvy 


GOIN! GOIN!! GOIN 
Mica Chimeys 


Cet Our Prices on 






should be neatly and accurately 
7 wrapped fore banking. We 
ee ey Pas male the only device that will dc 
b Successful bankerr 











wy i 1 
For Welsbach Lights, 7 ive these to their customers. Tf 
AND ON | toner for them, or write to ous for prices an free samples. 
Mica | ALVORD & CO., Mfrs. Detroit, Mich.,U.S.A. 
e 
Canopies 

gor “peconine PRESSURE GAUGE 

The MICA MFG. C0., “"" 

6 a te | For Continuous Records of 
Micasmiths, 


Street Gas Pressure. 


Simple in Construction, 
Accurate in Operation, 


88 Fulton Street, - - New York City. 









Low in Price, 
Jtiiize Your Cas Liquor. Fully Guaranteed. 
NO EXTRA LABOR OR Send for Circulars. 


YPERATING EX- 






THe BRISTOL CO. 


Waterbury, Conn. 





STROH & OSIUS, Pat'ees, 02 


Kich. Ammonia Works, Detroit Mich | Received Medal at World’s Columbian Exposition. 

















COKE CARS for Gas Works, 
TIP CARS for Carrying Ashes, 
CHARGING CARS for Bringing Coal 
from the Storage Bins to Boiler 
Room and Retort Houses. 


INDUSTRIAL RAILWAYS 


Specially designed for handling material 
in and around 


THE HUNT TIP CAR. Gas Works, Coal Yards, Factories, Etc., Ete. 
45 BROADWAY, - - NEW YORK. 


THE HAZELTON or porcuPINE 
. WATER TUBE BOILER. 


The Best Boiler in the World, and the Cheapest per Square Foot 
of nice! Prodectic: 


Unequaled for the Economical Production of Very Dry Steam. 


WE GIVE Liberal Capacity, Highest Efficiency, Absolute Safety and 
Thorough Workmanship. 
WE SOLICIT the Critical Examination of the Mechanical Profession 
and the Steam-Using Public, and Your Trade. 


Send for Catalogue and Reports of Tests. 


The HAZELTON BOILER GOMPANY, 


Sole Proprietors and Manufacturers, 


Tele, “ia-ieth St," New York,” GEN'| Office, 716E. 13th St, NY., U.S.A. 


Tele., * 1229-18th 8t.,” "New York. 






































GREENFIELD 


Steam Engine Works. 


Established 1874. 
MANUFACTURERS OF 


Greenfield Stationary, Portable and Yacht 
ENGINES AND BOILERS. 


Also Horizontal, Automatic and Variable Cut-off Engines. 
Sizes from 3 to 75 Horse Power. 


Also Vertical and Horizontal and Marine Boilers. 
Steam Pumps and Adams’ Crate Bars. 


D W.c. &6. GREENFIELD, - - EAST NEWARK, N. J 
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GAS ENGINEERING COMPANY, 


El INCORPORATED, 
Conestoga Building, PIT’TSBURGH, PA. 





MANUFACTURERS OF 
F. L. SLOCUM, Prest. 


Gas Works Machinery of all kinds, SAM'L WOODS, Tress. 


PATENTEE AND OWNER OF 


PITTSBURGH WASHER-SCRUBBER, 


SOLE AGENT FOR 
FELDMANN AMMONIA MACHINE, 


For producing Sulphate, Aqua, Chloride 
and Concentrated Liquors, 


The Erection of Bi-Product Coke Ovens 
a Specialty. 
Faux System of Recuperative Benches, 


JAS. GARONER, JR. 
SOLE CONSTRUCTOR AND BUILDER. 


AMMONIA MACHINE, NEW SYSTEM HYDRAULIC MAIN. SCRUBBER. 





























"Celebrated SHANER GAS COAL 


Is Mined and Shipped from the 
Best Gas Coal Basin in Pennsylvania. 


SHANER COAL CO., - 1326 Chestnut Street, Philadelphia. 


. 





CORRESPONDENCE SOLICITED. 














IF You Want the Best GAS-TIGHT Tubing, f=) ia 


BUY OF THE 
yrights 


NEW YORK GAS TUBING CO, essa 


perience, We report whether patent can be 





secured or f fch: 0 
771*779 Creenwich St., N. Y. until Dajent is allowed. Papage Book Free. 
GUARANTEED NOT TO STIFFEN. Makers of All Kinds of Flexible Tubing. Opp U.N rat Ones “WASHINGTON. D.C. 


PE’. BET REMN D, TRiwPi REGENERATIVE GAS HEATER Peerless Patent 

German (Stettin-Didier) Clay Gas Retorts, eee ae ee 

BLOCKS, TILES, FIREBRICKS, FIRE CEMENT, 

Stettin ‘‘Anchor” & ‘‘Eagle” Brand Portland Cement 
10 & 12 Old Slip, New York. 




















Improved Gas Bag 





Special Trays for iron Sponge or Oxide of Iron. 
CHURCH’S TRAYS a Specialty. 


Reversible, Strongest, Most Durable, Most Easily Repaired 


a) 
\, 

















These Gas Bags are used to stop the flow of gas while re- 
pairing or making alterations in gas mains. There have been 
numerous cases of workmen being badly injured, and some- 





306-310 Eleventh Avenue, New York. : times fatally, by the escape of gas resulting from the burst- 
We also make the Cheapest and Strongest ing of a bag, and our patent improvement is designed to 


THRU 


; : : P bviate such calamities. The indicator A shows unerringly 
Heats both air and gas before combustion. Gives high cer then tabs tier teeta dealin enty inflated to pack the mom od 
flame temperature and maximum economy, with entire | and when the pumping should be stopped. Our. are 
| freedom from smoke and smell. Radiates heat to the — of yee od ee ae a : ax ae _ 
7 istension, s, » 3 
| floor. Warms the feet and does not overheat the head. |and other residuum in the mains, and they are made with 
| No headache and no colds caused by cold feet where this | lapped joints, which adds greatly to their strength. 


s 
Patent Lava Gas Tips. | Heater is used. Has Group Governor, which regulates| 3 in Gas Bag, each, $0.00 Izin. Gas Bag, each, $5.00 


| gas volumetrically proportionate to heat desired; the only | 4 ‘ 


REVERSIBLE BOLTED TRAYS IN THE MARKET 
Send for Circulars. 














UNIFORMITY f") [- = | correct regulation for stovesand furnaces. A gas heater, ; Rigs co = = ee a ~ 
3 : | if a free gift, is still costly and extravagant if it burns gas | ge “ “ 2.65 30 “ “ “ 27.50 
GUARANTEED. = wastefully. The Triumph Heater is constructed upon|10“ “ 3.75 
i ALL SIZES correct principles, and gives results not obtained with | 
2 ome LB SE the Peerless Rubber Mfg, Co 
i a Write for descriptive circulars and order sample Heater. The ee ess U er §: 4 
D. M. STEWARD MFG. 





CHATTANOOGA. TENN. nea WILDER MFG. CO., 816-822 Cherry St., Phila. 16 Warren St., N. Y. City. 
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WM. W. COODWIN, Prest. O. N. CULDLIN, V.-Prest. & Treas. H. B. COODWIN, Sec. ERNEST F. LLOYD, Asst. 


THE AMERIGAN GAS ENGINE CO., 


MANUFACTURERS OF 


The Double-Acting Gas Engine, 


Under the Patents of Griffin, and Diek, Kerr & Co., of London and Kilmarnock. 
















KK 


Single Cylinder. 


{mpulse Every Revolu- 
tion. 


(Two Strokes.) 
15 to 500 Horse Power. 


For General Work and 
Isolated Electric Plants. 


Tandem 
Cylinder. 
Impulse 
Every 
Stroke. 

100 to 1,000 
Horse Power. 


For Central 
Stations and 
all work 
requiring 
extreme 
steadiness. 


ESSENTIAL PRINCIPLE.—An impulse at each end of piston; using half force to each impulse; doubling 
the steadiness ; reducing the wear on moving parts, and weight for given power. CONSTRUCTION.—The piston 
rod works through stuffing box in front end of cylinder, and connecting rod is carried in a cross-head working in a 
slide in frame, as in ordinary steam engine practice. All valves are of the poppet type, operated by cams on a single 
cam-shaft, giving positive movement to every working part. Tubé or electric ignition. RESULT.—An engine of 
extreme simplicity and steadiness of action, the even wear on the cylinder and all working parts assuring increased 
economy, long life, and minimum cost in repairs. RECORD.—Successful and constant use in Great Britain for 


the past eight years, Address w W, GOODWIN, President, Lock Box 718, Philadelphia, Pa., or 
THE WESTERN GAS CONSTRUCTION CO. Blirs, & Gen. Agts., Fort Wavne Ino. 
















Nov. 4, 1895 American Gas Light FZournal. 747 





























The Improved 


Welsbach Light. 


ee ee oe ee ek Te ee ee : 











No. 3! Burner, with Nos, !0 and 43 Shades. 
Made by the 


Welsbach Light Company, 
Gloucester City, N. J. 


Sole Manufacturers for the United States. 





No. 3! Burner, with No. 74 Shade. 














The WOLFF Gas Radiator. 


The Most Ornamental and Economical Gas Heater in the World. 


The WOLFF Cas Radiators are no Longer an Experiment. 












Heating with gas as a fuel instead of wood or coal was made practicable only 
four years ago, when the first WOLFF Gas Radiator was made. Since that time 
we have supplied Gas Radiators to heat all kinds of Rooms, Halls, Stores, Churches, 
Theaters, etc.; they are used in Bed Chambers, Sick Rooms, and wherever heat is 
required. And, because of their great success, several imitation Gas Radiators 
are offered, ‘‘said to be as good as Wolff’s;’ but none of them are as good. The 
WOLFF Radiator gives more and better quality of heat, at less cost, than any gas 
heater in the market. 


In our Trilby Heater we again offer something mew, novel and goed, as well as beautiful and 
pleasing to the eye. -Most Stoves, Heaters and Radiators in use heat the tep of the room, leaving the 
fleor cold (hence keep the head warm and the feet cold). Our Trilby Heater warms the floor first; 
then the heat rises gradually, warming the whole room comfortably, cold air being drawn in from the 
bottom (passing between the heated radiating flues) and thoroughly warmed before passing out at the 
wn 3 top, while the gas, mixed with air, is burned in our ‘** Patent Incandescent Iron Fires Burners,” which 
A rn ( 2 greatly intensifies the heat, causing an extra amount of heat to 
: * be radiated, or thrown off onto the floor, while the products of 
combustion are carried up through radiating iron flues to the top 
of the Trilby Heater, and downwards and out through opening to 
flue or chimney pipe connection, making a current or outlet for 
burnt gas or impure air, thus causing perfect ventilation in the 
room. 

The Trilby uses less gas and gives more and better heat than 
any other Gas Radiator in the market. 


MANUFACTURED BY 


Sy, |) ~~CSC”SC*THE: «WOLF GAS RADIATOR [Rn 
nosso tran mpi nan wus wew woe  ‘MANUPACTURING (0. Sea 


St ae 
Deep. The Trilby Heaters are furnished in Brass, Copper-Bronze . * SSSI LEKI 
and Nickel Plate. Office, 164 Franklin St., New York. 
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Bray’s Patent “Enamel” Gas Burners. 





Bray’s ‘‘Special” and ‘‘Adjustable” Burners 


Are the Cheapest, Most Economical and Most Durable in existence, and will, at 
their REDUCED PRICE, save their cost in gas alone in forty hours’ use. 








Union Jet. Slit Union, Batswing. Adjustable. 


Made with Inside Screw to Suit American Fittings. 


The ‘‘Specials’’ are made to Suit Low and High Pressures. The ‘‘Adjustables’”’ 
consist of two Burners screwed together, the sizes of which can be arranged 


to suit any Pressure and 


Consumption. For full description see Catalogue. 


See that *‘ Bray’s Special”’ or ‘*‘ Bray’s Adjustable ’”’ is stamped on each kind of Burner. 
ACETYLENE AND RICH OIL GASES.—We now make Burners suitable for use with these Gases. 


TO BE HAD 





OF FACTORS THROUCHOUT THE STATES. 





SCciENTIEIC BOOF:, Ss. 





GAS MANUFACTURE, by William Richards. 4to., with 
numerous Engravings and Plates, in Cloth binding. $12. 


TECHNICAL GAS ANALYSIS. $3. 

GAS CONSUMER'S GUIDE. $1. 

GAS CONSUMER'S HANDYBOOK, by Wm. Richards, C.E. 
20 cents. 


PRACTICAL TREATISE ON HEAT AND VENTILATION, 
with Special Relation to Illuminating, Heating and Cook- 
ing by Gas. By E. E. Perkins. $1.25, 


CHEMISTRY OF ILLUMINATING GAS. By Norton H. 
Humphrys. $2.40. 

PRACTICAL TREATISE ON HEAT. By Thomas Box. 2d 
edition. $5. 

PRACTICAL PHOTOMETRY: A Guide to the Study of the 

. Measurement of Light. By W. J. Dibdin. $3. 

CHEMICAL TECHNOLOGY. $7. 

TRONWORK: Practical Designing of Structural Ironwork. 
By H. Adams. $3.50. 

GAS WORKS: Their Arrangement, Construction, Plant and 
Machinery. $5. 

COAL: Its History and Use. By Prof.Thorpe. $3.50. 

THE GAS WORKS OF LONDON. By Colburn. 60 cents. 

HEAT A MODE OF MOTION. By John Tyndall. $2.50. 


THE MANAGEMENT OF SMALL GAS WORKS. By | AMERICAN PLUMBING. By Alfred Revill. $2. 


C. J. R. Humphreys. $1. CEMENT ; A Manual of Lime and Cement, their Treatment 
MANUAL FOR GAS ENGINEERING STUDENTS. By D. and Use in Construction. By A. H. Heath. $2.50. 

Lee. 40 cents. 
THEORY OF HEAT. By J. Clerk-Maxwell. $1.50. ELECTRICITY. 
AMMONIA AND AMMONIUM COMPOUNDS. By Dr. R. 

Arnold. $2. | ELEMENTS OF ELECTRIC LIGHTING, Including Electric 
DIGEST OF GAS LAW. $5. Generation, Measurement, Storage and Distribution. By 


} Philip Atkinson. $1.50. 
DISTILLATION OF COAL TAR AND AMMONIACAL 


LIQUOR. By Geo. Lunge. New edition. $12.50. | ELECTRIC TRANSMISSION OF ENERGY. By G. Knapp- 


A TREATISE ON THE COMPARATIVE COMMERCIAL | $8. 
VALUES OF GAS COALS AND CANNELS. By D. A. | ELECTRICIAN’S POCKETBOOK. By Monroe and Jamie 


Graham. $3. | son. $2.50. 
THE AMERICAN GAS ENGINEER AND SUPERINTEND- | MAGNETISM AND ELECTRICITY. By J.Overend. 40 cts. 
ENT’S HANDBOOK. By William Mooney. $3. | ACCUMULATORS, By Sir D. Solomons. $1.50. 


A TEXT BOOK OF INORGANIC CHEMISTRY. By Prof. | DYNAMO BUILDING. By F. W. Walker. 50 cents. 
at ee ee | DOMESTIC ELECTRICITY FOR AMATEURS. By E. 
ILLUMINATING AND HEATING GAS. By W. Burns. $1.50| Hospitalier, $2.50. 
HANDBOOK FOR MECHANICAL ENGINEERS. By H.| pracTICAL MANAGEMENT OF DYNAMOS AND MO 
Adams. $2.50. TORS. $1 


pints: hn arvaticcat ptemcapiniwe Mian PRACTICAL GUIDE TO THE TESTING OF INSULATED 
TREATISE ON MASONRY CONSTRUCTION, Baker. $5. | WIRES AND CABLES. $1. 
GAS ENGINEER'S LABORATORY HANDBOOK. By Jno, | ‘ 7 
a 1ape y ELECTRIC LIGHT FITTING. $2. 
GAS LIGHTING AND GAS FITTING. By W. P. Gerhard. | PRACTICAL ELECTRICITY. $2.50. 
| 50 cents, ELECTRICITY FOR ENGINEERS. $2.50. 


The above will be forwarded by express, upon receipt of price. If sent by mail, postage must be added to 
above prices. We take especial pains in securing and forwarding any other Works that may be desired, upon 
receipt of order. All remittances should be made by check, draft, or post office money order. 


A. M. CALLENDER & CO., 32 Pine Street, New York. 
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Jewel Gas Heaters 


and Radiators. 
54 Styles. From $4 to $30. 


The Finest and Many 
BKM Largest Line in New 
the World.... Designs. 








It Will Pay You to Have the Jewel Gatalog. 


GEORGE M. CLARK & COMPANY, 


MAKERS, 
149-161 Superior Street, Chicago. 
Eastern Agency, 152-154 West 23d Street, N. Y. City. 


WILLIAM M. CRANE & CO. 


Office, 838 Broadway; Factory, 428 & 430 W. 14th St.. NEW YORK CITY. 














SEND FOR NEW CATALOGUE. 


SEND FOR NEW CATALOGUE. 





We Carry. the Most 5 aan: i Tailor Stoves, 


Ah AAR Ah ARAB Va ab A as Anh A A 


Complete Line of Soldering Furnaces, 





Gas Appliances in the S45 ye Griddles, 

: SSS ee Waffle Stoves 

ey Bai ree, 
: 7 CaF ECE EN NSC UENS « 

Gas Fires, Gas Logs, S| AN wuauqnndd Di dinaSi Hot Plates, 

Fire Place Heaters, eee em = =—STO(Gas KKilns, etc. etc. 

Ranges, Broilers, @) Sad SG A New Line of 


Laundry Stoves, 





THE PERFECTION HEATER. | Radiators. 


The Perfection Heater. 


In Two Sizes. The most powerful Heater connecting with the flue that is made. An exact imitation of a coal fire. A number of these are 
used to heat the Elevated Railroad stations in New York City; standing the most severe test that can be made. 
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The above illustration is taken direct from a photograph, aid is an interior view in a Store Room designed and built by us for our own use here 
at East Berlin. The construction particularly commends itself on account of the large amount of side wall space applicable 
for storage purposes, the light being introduced entirely from the roof, no side windows 
being used, thus allowing all the wall space for storage. 





Write for Tllustrated Catalogue. 


Office and Works, No. 6 HRailroad Avenue, East Berlin, Conn. 











— 


Acex, C. HuMPHRErsS, M.E., ARTHUR @. GLASGOW, M.E., 
MANHATTAN LIFE BUILDING, CaBLe ADDRESS, 9 vicroria ST., 
(64 sroapwar,) LONDON & NEW YORK, LONDON, S. W., 
MEW YORK. ““HUMGLAS."* ENGLAND. 


HUMPHREYS &€ GLASGOW, 


CONTRACTING AND CONSULTING 


GAS ENGINEERS. 





WATER GAS PLANT A SPECIALTY. 
GAS PROPERTIES EXAMINED AND VALUED. 
ADVICE AS TO IMPROVEMENT OF GAS PROPERTIES AND MANAGEMENT. 


THE MANAGEMENT OF SMALL GAS WORKS. 


By OC. J. R. BUMPBaRETS. 
Frice $1. 


A. M. CALLENDER & CO., No. 32 Pine Street New York. 
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(Copyrighted, 1894, by the AMERICAN METER CO.) 


AMERICAN METER CO. 





CHICAGO, 












































ESTABLISHED 1834. 


ST LOUIS, 


INCORPORATED 1863. 


NEW YORK AND PHILADELPHIA, 


SAN FRANCISCO. 


Sat. |30.No L. |No L. 


NOVEMBER, (895. 


PUBLIC LIGHTING TABLE. 





Table No, 2. 





PA ‘Table No. 1. NEW YORK 
FOLLOWING THE cITY. 
vt MOON. ALL NIGHT 
= LIGHTING. 
e ly l eal Boke 
= = | Light. |Extinguish. Light. pa 
wi | PM. AM. 
Fri. 1|No L. NoL. | 4.45 | 5.35 
Sat. 2|No L.ru\No L. 4.45 | 5.35 
Sun. 3/NoL. |No L. 4.45 | 5.35 
Mon. 4) 520 pm) 6.50 pm) 4.45 | 5.35 
Tue. | 5! 5.20 7.40 | 4.40 | 5.45 
Wed.) 6) 5.20 | 8.40 || 4.40 5.45 
Thu. | 7| 5.20 | 9.50 4.40 | 5.45 
Fri. 8} 5.20 {11.00 | 4.40 | 5.45 
Sat. 9} 5.20 1Q!12.20 am} 4.40 | 5.45 
Sun. |10) 5.20 1.30 4.40 | 5.45 
Mon. }11}| 5.20 2.50 4.40 | 5.45 
Tue. {12} 5.20 4.00 || 4.30 | 6.00 
Wed. |13) 5.20 5.50 | +30 6.00 
Thu. |14) 5.20 1.50 =| 4.30 | 6.00 
Fri. | 15} 5.20 » 50 4.30 600 
Sat. (16! 5.20NmM 5.50 || 4.30 | 6.0 
Sun. |17| 5.10 5.50 4.30 | 6.00 
Mon. |18) 5.10 5.50 4.30 | 6.00 
Tue. (19) 5.10 5.50 4.25 | ».00 
Wed. |20 5.10 5.50 = || 4.25 | 6.00 
Thu. }21, 8.10 5.50 4.25 | 6.00 
Fri. |22) 9.10 5.50 4.25 | 6.00 
Sat. |23/10.20 FQ 5.50 4.25 | 6.00 
San. |24/11.20 6.00 4.25 | 6.00 
Mon. |25/12.20 am 6.00 4.25 | 6.00 
Tue. |26 1.10 | 6.00 4.20 | 6.10 
{ Wed. |27| 2.20 | 6.00 | 4.20 6.10 
Thu. |28) 3.20 | 6.00 || 4.20 | 6.10 
Fri. |29 4.30 | 6.00 || 4.20/ 6.10 
| 4.20 6.10 
| 














TOTAL HOURS LIGHTING 


DURING 1895. 





By Table 





December. 


Total, yr.. 





No. i. 


Hrs. Min. 








November.. 204.10 | November. 
.219.30 | December... 


By Table No. 2. 


Hrs. Min. 


January ....%37.00 | January. ...423.20 


February. ..196.40 | February. ..355.25 
March.....195.50 | March.....395.35 
April.......165.30 | April......298.50 
MP neces 153.40 | May.......264.50 
June .....138.20 | June...... 234.25 
as ee 146 30 | July....... 243.45 
August ... 152.50 | August ....280.25 
September..165.10 | September. .321.15 
October... .186.10 | October .. ..374.30 


401.40 
433.45 





2161.20 | Total, yr...3987.45 
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P. H. & F. M. ROOTS Co., 


Connersville, Ind. 








Exhausters with Combined Capacity of 65,000,000 Feet per Day Sold ‘$0 far this Season, 


GAS EXHAUSTERS. ..”* BYE-PASS VALVES. 











AUTOMATIC GAS GOVERNORS. 
GAS VALVES. PIPE FITTINGS. 














| 
| 


New Design This Design 
of is Used 
Direct | for all 
Connected | Exhausters 
Engine from 
and No. 7 
Exhauster to 
on Same No. 10, 
Bedplate. Inclusive. 











Write for Illustrated Catalogue. 
Estimates submitted on application. 


P. H. & F. M. ROOTS CoO., 


Connersville, Indiana. 


COOKE & CO., Selling Agts., 163-165 Washington St., N.Y. City. 
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THE UNITED 
GAS IMPROVEMENT CoO., 


DREXEL BUILDING, PHILA, PA. 




















Inquiries from any part of the United States 
should be addressed to the Philadelphia Office. 











Standard ** Double Superheater” Lowe Apparatus, designed for the use of Naphtia, Crude Oil, or ““Distiliates,” 


BUILDERS, LESSEES AND PURCHASERS OF GAS WORKS. 








Water Gas Plants, either independent or auxiliary to Coal Gas Works, erected to 
meet any conditions. Apparatus designed to use any grade of Oil, 
and Anthracite Coal, or Gas House or Oven Coke. 





PAMPHLETS, PLANS AND ESTIMATES FURNISHED UPON APPLICATION. 
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THE WESTERN 
GAS CONSTRUCTION CO., 


ENGINEERS and BUILDERS, 
FORT WAYNE, INDIANA. 


IMPROVED LOWE WATER GAS APPARATUS, 


Special No. | Setting, for Small Works. 
weaned Getties. Sue a. 
Double Superheater Setting. Separate Carbureter and Superheater. 


having a Vaporizing 


Improved Double Superheater Setting, wre. ners 


of the Carbureter (Patented Nov. 13th, 1894). This IMPROVED SETTING can be applied to 
the ordinary Settings now in use. 








Ali settings (except No. 1) are built with or without our Ball Valve Connection for “up and down runs.” Our Apparatus will use any 
grades of Oils or Naphthas, Gas House or Oven Coke, and Anthracite Coal. Results guaranteed. 


GENERAL GAS WORKS CONSTRUCTION. 


Purifiers, Holders, Coal Gas Benches, Hub and Flange Valves, Street Main Specials, Condensers, Scrubbers, Ete, 
New York Office, 32 Pine Street, WM. HENRY WHITE, Engr. 


—— NEW YORK MARINE PAINT CO. 

















LUDLOW VALVE MEG 60 Successors to TRACY & HADDEN. 
. "J 
MANUFACTURERS OF mE 
iT S 
VALVES, le: 4%, 
Double and Single Gate, 3 in. to 72 in., outside and , 
inside Screws. Indicator, etc., for Gas, a CEACTURERS | OF _ 





Water, Steam, Oil and Ammonia. 


PAINT “" Holders 


And all Ironwork about Gas Works. 
POT He BE Persist, N. WY. 


GASHOLDER PAINT. 


Use Only 


THE COVERNMENT WATERPROOF PAINT. 


Proof against Ammonia, and Absolutely Waterproof. Send for Prices and Particulars. 


THE GOVERNMENT WATERPROOF PAINT CO. 104 High Street. Boston. Mass. 
_—_—_—_—_—_—_————————— a 


CHAPMAN VALVE MANUFACTURING CO, 


MANUFACTURERS OF 


Valves and Gates for Gas, Ammonia, Water, Etc. 


Also, Cate Fire Hydrants with and witnout Independen 
Nozzle Vaive. All Work Cuaranteed. 
Works & Gen’! Office, indian Orchard, Mass, Treasurer’s Office, 72 Kilby & 112 Milk Sts., Boston Mass 


Chicago Office, 24 West Lake St. New York Office, 28 Piatt St. 
St. Louis Office, L. M. Rumsey Mig. Co., 810 North Second St 





SEND FOR CIRCULAR. 
SEND FOR CIRCULAR. 





Hydraulic Main Dip Regulators, Check Valves, 
Foot Valves, Yard Wash and Fire lydrants. 


OFFICE AND WORKS: 
938 to 954 River St., & 67 to 83 Vall Av. 
TROY, N Y. 
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NATIONAL GAS4x> WATER Go., 


218 La Salle Street, Chicago. 
Builder and Operator or Gas Works. 


The Rew Soft Coal Carbureted Water Gas Apparatus. 


TESTED BY TWO YEARS’ PRACTICAL OPERATION, AND FULLY GUARANTEED. 














Pians and Hstimates Upon Application. 





IRWIN REW, President & Treasurer. N. A. McCLARY, Secretary & Gen’l Manager. E. E. MORRELL, Engineer. 


CONNELLY IRON SPONGE AND GOVERNOR C0,, 


(Successors to CONNELIY & CO.) 
MANUFACTURERS OF GAS WORKS SPECIALTIES. 


“IRON SPONGE.” 
AUT MAT OVER FOUR HUNDRED NOW IN USE! NO WORKS COMPLETE WITHOUT IT! 
0 IC WILL PAY FOR ITSELF WITHIN A YEAR! ITS SERVICE SECURES PERFECT DISTRIBUTION; 
GOVERNOR REDUCES LEAKACE TO MINIMUM, and BENEFITS THE COMPANY and CONSUMER ALIKE! 
; IT 1S THE ONLY RECOGNIZED AUTOMATIC GOVERNOR IN THE WORLD! 
Designed particularly for small works. Combines Exhaust Tube, Steam Governor, Gas 
STEAM JET Compensator and Bye-Pass Valves in the most compact form possible. Occupies but 
little space; uses very little steam; saves formation of carbon in retorts; increases yield 
EXHAUSTER. 10 to 15 per cent. No works too small to use them profitably. 











Saves money, saves labor, and is the most efficient purifying material ever offered as a 
substitute for lime. We guarantee a large saving, both in cost of material and labor 











Prices given on all our specialties, delivered at any point in the United States. Correspondence solicited. 


CONNELLY IRON SPONGE AND GOVERNOR CO. No. 365 Canal St, New York. 
Read, Holiday & Sons, Ltd. DOUGLAS’ FERRIC OXIDE TRON MASS 


No. 7 Platt St., N. Y. City. For Gas Purification For Gas Purification. 


Is a superior natural Hydrated Oxide of Iron. | 
W Y D RAT E D Acts immediately, and more efficiently 
































Will give a higher purification per bushel than 
OXIDE OF IRON 


any other material. We ship the pure Oxide 
For Gas Purification. 


Analysis, Samples and Particulars on Applica- 
tion. 


i — ae, Se ot — 


DISTILLATION OF COAL TAR AN 
AMMONIACAL LIQUOR. 


By Grzorez Lunez. Price $12.50. 
A TREATISE ON THE COMPARATIVE 


COMMERCIAL VALUES OF GAS 
COALS AND OANNELS. 


By Davm A, Granam. §8vo., Cloth. Price $3. 


Orders for these books may be sent to this office. 
A. Mi. CALLENDER & CW., 
32 Ping 82., N.Y. Orry 

















of Iron, containing no sawdust, thus effecting 
a saving in freight, leaving the consumer to 
furnish the diluent at a nominal cost. It is now 
used by the largest gas companies in the West. 


Full information, with references to many users, and prices 
delivered in any locality, furnished on application to 


H.W. Douglas ("cts écncny) Ann Arbor, Mich. 








than any other purifying agent 
now in use. 


Greenpoint Chemical Works. 


JOHN SCHRIEVER, Manager. 
Greenpoint Ave. & Newtown Creek, Brooklyn N.Y 





The American 


Gas. Engineer 


and Superintendents Handbook. 


By WM. MOONTHY. 


S860 Passes, Full Gilt Morocco. 


A. M. CALLENDER & CO., 32 Pine St., N. Y. 





Price. $8.00. 
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moore PRE RAERINS & CO,, = sav 


228 and 229 Produce Exchange, New York City. 


TIDEWATER SALES ACENTS FOR THE FOLLOWINC 


Standard Gas Coals = Cannel. 
Ocean Mine Youghiogheny Gas Coal, 


From Baltimore. 


Clinch Valley, ThackersLogan Gas Coals 


From Norfolk, Va. 


Old Kentucky Shale and 0. K. Boghead, 


From Kentucky, 











The Most Valuable Enricher Now Obtai nable. 
Second Only to the Celebrated Australian Shale. 


Cargo Shipments from New York, Philadelphia, Baltimore and Norfolk. 


Single carloads or more delivered at any required point in the United States or Canada. 








BERWIND-WHITE COAL MINING COMPANY'S 








Ocean Westmoreland Gas Coal. 





STRIGTLY High Grade..... 

Offices : Carefully prepared. 

585 Broadway, New York. For Gas Making or 
Betz Building, Philadelphia. Heavy Steaming. 








Goal Tar Genealogical Tree 


MR. T. VINER CLARKE, of London, Eng., having*compiled a novel Chart or Map illustrating the various 


CHEMICAL PRODUCTS DERIVED FROM COAL AND COAL TAR, 


In the form of a Genealogical Tree, including all the products discovered to date (the total number amounting to near 700), offers for sale a 
limited number of copies in Colors, mounted on Linen, with Rollers. Price, $3.50. Orders may be sent to 


A. M. CALLENDER & CO., - - No. 32 Pine Street, New York. 
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GAS ENRICHERS. GAS COALS. GAS COALS. 
The Despard Gas Goal Co., + 
pespans cas con, ee GAS COAL CU. 


AND MANUFACTURERS OF 


COoOrk§: -E.. 


MINES, - 


Clarksburgh, Harrison Co., West Va. 


WHARVES, = = ~« Locust Point, Baltimore, Md. 
OFFICE, = - « 44 South Street, Baltimore, Md. 
ROUSSEL & HICKS, 5} scwzs, {8 BANGS & HORTON 

PR nmin N.Y 60 Congress 8t., Boston. 





ENRICH YOUR GAS 


“Bear (REEK” (SANNEL 


14,630 Cu. Ft. of 41-Candle Gas and 
995 Ibs. of good Coke per 


ton of 2,240 Ibs. 


Log Mountain Coal, Coke & Timber Co., 


PINEVILLE, KY. 


MACFARLANE & CO., Louisville, Ky,, Agts. for U.S. and Canada. 


HENRY G. SGHEEL, 


Tidewater Sales in Fox and Shipper of Hi ligh Grade Westmore- 
land Vein ey, and West Virginia 
horoughly Screened 


GAS COAT. S. 


Superior Kentucky Gas Cannel, Connellsville and Mountain 
Coke, Clearfield and Cumberland Vein 
Steam and Smithing Coals. 











Room 176, Washington Building, No. 1 Broadway, N. Y. City. 








KELLER ADJUSTABLE 
COKE CRUSHER. 


———- Simple, Durable. Will 
rush any Size Desired. 
Cc. M. KELLER, 
Sec. & Supt. Gas Lt. & Coke Co, 
Columbus, Ind, 
een Soiicited. 








WILBUR H. TOWNSEND, 
Naphthas, Gas ani Fuel Dis and Crude 


Petroleum for Gas Companies. 
Room 115. 29 Broadway, N.Y. City, 


Coal, Carefully Screened --<Prepared for Gas Purposes. 





Their property is located in the Youghiogheny Coal Basin, near Irwin and Penn Stations on 
the Pennsylvania Railroad, and on the Youghiogheny River. 


Principal Office: 
Room 720, Reading Terminal Building, Phila., Pa. 
Points of Shipment: 


Pennsylvania Railroad Piers; Greenwich Wharves, Delaware 
River; Pier No. 1 (Lower Side), South Amboy, N. J. 








EpMuUND H. McCuLLowuGnH, Prest. Cuas. F. GODSHALL, Treas. H. C. ADAMS, 


THE WESTMORELAND GOAL £0. 


Chartered 1854. 


Mines situated on the Pennsylvania and the Baltimore 
and Ohio Railroads, in Westmoreland County, Pa. 





POoiInTs OF SHIPMENT: 


PHILADELPHIA, BALTIMORE, SOUTH AMBOY, N. J., 
WATKINS (SENECA LAK®), N. Y. 








Since the commencement of operations by this Company its well-known 
Coal has been largely used by the Gas Companies of New England and the 
| Middle States, and its character is established as having no superior in gas- 
giving qualities, and in freedom from sulphur and other impurities. 


Principal Office, 224 South $d St., Phila., Pa. 


‘THE SUN OIL CO.. 


| OHIO CRUDE OIL, 


38 to 41 Degrees Gravity. 
‘Toledo, O., and Pittsbureaeh, Pa. 

















Standard Oil Company, 


GAS NAPTHA DEPARTMENT. 


GAS NAPTHA. 








Correspondence Solicited, 





GAS OIL. 


26 Broadway, New York Citv. 
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RETORTS AND FIRE BRICK, 


RETORTS AND FIRE BRICK. 


RETORTS AND FIRE BRICA. 





JH. GAUTIER & COMPANY 


OORNER OF 
GREENE AND ESSEX STREETS, 


JERSEY CITY, N. J. 


MANUFACTURERS OF 


Clay Gas Retorts, 
Gas House Tiles, 


Fire Bricks, Etc. Etc. 


Ground Clay, Fire Brick and 
Fire Sand in Barrels, 


H. Gautier, Prest. Cuas. E. Grecory, Vice-Prest. 
Dav R. Daty, Sec. & Treas., Gen’] Mangr. 


Brooklyn Fire Brick Works, 


MANUFACTURERS OF 


CLAY RETORTS, FIRE BRICK, 
Gas House and other Tile. 
\ffice, 88 Van Dyke St., Brooklyn, N. Y. 








Fire Brick, Gas Retorts, 


LACLEDE FIRE BRICK MFG. CO., 


ST. LOUIS STANDARD SEWER PIPE. 
Blast Furnace and Cupola Linings, every description of Fire 
Clay Material, Fire Clay Flue Linings, Chimney Tops 
Dry Milled and Crude Fire Clays, ete. 

OFFICE AND DEPOT 
901, 903, and 905 Pine Street 


ST. LOUIS, MO. 





ESTABLISHED IN 1845. 


B. KREISCHER & SONS, 


OFFICE FOOT OF HOUSTON 8T., E.B., N.Y. 


Gas Retorts, 


TILES, FIRE BRICK. 





AND EVERYTHING IN THE FIRE CLAY LINE. 


ADAM WEBER, Proprietor. 


Manhattan Fire Brick and Enameled 
Clay Retort Works, 
Works, Weber, N. J. 

Office, 633 East 15th St., New York. 


Modern Recuperative . 
Furnaces 


AND 


Standard Fire Brick and Gas Retorts. 












CWRLS. BOREMEP. 


(232 ST, ABOVE PACE PULALASUUS A. 


Fire Brick 
AND 


Cray RETORTS® 


















Works, 
LOCKPORT STATION, PA. 


— ESTABLISHED 1864.— 


JAMES GARDNER, JR., 


Conestoga Bldg., Wood & Water Sis 
PITTSBURGH, PA, P. 0. Box 373. 


Successor to WiLLriAM GARDNER &@ SOwmn. 


Fire Clay Goods for Gas Works. 


SOLE REPRESENTATIVE OF THE McILHENNY REGENERATIVE BENCHES FOR THE U. 8. 














HENRY MAURER & SON, 
(ESTABLISHED 1856.) 
4 EXCELSIOR FIRE BRICK & CLAY 
ETORT WORKS 
WORKS, Perth Amboy, N. J. 
OFFICE, 418 to 422 East 23d St., N. Y 
Clay Gas Ketorts, 
BEN CET SETTINGS, 
Fire Brick, Tiles, Etc. 
GEROULD'’S IMPROVED RETORT CEMENT. 
A Cement of great value for patching retorts, 
paar pontnn aongy = pb nyt peme yw ngg — ~ 
and thorough in its work. Fully warranted to stick. 


Economic 


In Casks, dsusssaneen'’s ts d 
n a cen r nd. 
In Kegs, 100t0200 6" "Ge 

In Kegs less than 100 “* 


Cc. L. GHROULD & CO., 
N. 3d & Prospect Avs., Mt. Vernon, N.Y. 


Western Agent, H. T. GEROULD, Ocntralia, Ils. 


“? +o oe 


Parker-Russell 
Mining and Mfg. Go., 


CITY OFFICE, 
Mermod-Jaccard Building, St. Louis, Mo. 


PROPRIETORS OF THE 


OAKHILL GAS RETORT & FIRE BRICK W'KS 


Our immense establishment is now employed almost en- 
tirely in the manufacture of 





Materials for Gas Companies 


We have studied and perfected three important points. 
Our retorts are made to stand changes of temperature, 
the strongest heats of the furnace, and the abrasion of 
feeding and emptying. We construct 


Half and Full Depth Benches of Our Own Design, 
Containing 6, 8 or 9 Retorts. 


We have Greatly Improved our Recuperators. Coal o1 
Coke can be used as Fuel in Furnaces. 








THOS. SMITH, Prest. AvGust LAMBLA, Vice-Prest. & Supt 


BALTIMORE 


RETORT & FIRE BRICK CO. 


MANUFACTORY AT 


LOCUST POINT BALTIMORE MD. 





Clay Retorts, Blocks & Tiles 


FIRE BRICK, FIRE CLAY, 
AND FIRE CEMENT. 


Red and Buff Ornamental Tiles and Chim - 
ney Tops. Baker Oven Tiles 13x 13x23 
and 10x10x2 


WALDO BROS., 88 WATER 8T., BOSTON, MASS 
Sole Agents for New England States. 








Kine’s Treatise on Coal Gas. 


Standard text-book for the Engineers and Managers of Gas Works, and for all. who are concerned or take an interest in the manufac- 


ure and distribution of Coal Gas, and in the utilization of the Secondary Products resulting therefrom; treating also of the Gas Engine 
A.M. CALLENDER & OO., 32 Pine Street, N. Y. City. 


and of Gas Cooking and Heating Appliances, 





In Three Volumes. Price per Vol., $10. 
Sold either by Volume or in Sets. 
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FRED. BREDEL, 6.£., 


PROP’R OF KLOENNE AND BREDEL PATENTS. 


Recuperative Furnaces, Purifying Machines, 





* Gas Apparatus. x 





No. 118 Farwell Avenue, Milwaukee, Wis. 








GASHOLDER TANKS AND 
GAS WORKS MASONRY COMPLETE 


Plans prepared and Estimates furnished at short notice. 
J. P. WHITTIER, 


70 Rush St., Near Division Ave., Brooklyn, 


N.Y. 








The Cas Engineer’s 


Laboratorv Handbook. 


By JOHN HORNBY, F.I.C. 
Price, $2.50. 


A. M. CALLENDER & CO., 32 Pine Street N. Y. City 
wr ice tenn ec 








FLEMMINCG’S 
Generator Gas Furnace 




















HBA SNS BAL WY i 
( : yy, a 
2) By )\ of (4 
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5 Pc A ba cal of 
BEL NO) LAS 
6 
w a x 





Materials furnished and Benches erected by 


J. H. GAUTIER & CO., - Jersey City, N. J. 


Address as above, or D. D. FLEMMING, Jersey City, N.J. 


AMERICAN 


GAS LIGHT JOURNAL. 
$3.00 per Annum. 


A. M. CALLENDER & CD. 
32 Pine Street, N. ¥ 


GREENOUGH’S 


“DIGEST OF GAS LAW” 


Price, $35.00. 


This is a valuable and important work, a copy 
of which should be in the possession of every gar 
company in the country, whether large or small. 
As a book of reference it will be found invaluable. 
It is the only work of the kind which has ever 
been published in this country, and is most com 
plete. Handsomely bound. Orders may be sent k 


Ae M. CALLENDER & CO., 32 Pine St., No.4 








The Miner Street Lamps. 
Jacob G. Miner, 


No. 823 Eagle Ave., New York, N. Y. 


BINDER 7 the JOURNAL 


STRONG. 


DURABLE, 
LIGHT. 


SIMPLE 
CHEAP. 


HANDSOME. 





Price, $1. 





A.M. Callende 
& Co., 


" 32 Pine st., 
N. Y. City 








sb Lams 


Streets, Parks, Public 
Buildings, Railroad 
Stations, etc. 


LAMP POSTS 


A Specialty. 


Office and Salesroom, 


137 & 139 W. Broadway, New York City. 








Gas Companies and others intending to erect Lamp 
and Posts will do well to communicate with us. 














Parson’s Steam Blower, 


fOR IMPROVING BAD DRAUGHT IN BOILERS, AND FOR BURNING BREEZE 
OR OTHER WASTE MATERIAL. 


PARSON’S TAR BURNER 


FOR UTILIZING OOAL TAR AS FUEL. 


PARSON’S AIR JET TUBE CLEANER, 


FOR CLEANING BOILER TUBES, 


These devices are all first-class. They will be sent to anv responsible 
unless satisfactory. Manufactured oy the WATERTOWN STEAM BLOWER COMPANY 


H. E. PARSON. Supt., 621 Broadway, N. Y. 


e party for trial. No saie 
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DAVIS & FARNUM MFG. CO. 


WALTHAM, MASS. 
PRINCIPAL OFFICE AND WORKS, WALTHAM, MASS. BOSTON OFFICE, Room 18, Vulcan Building, 8 Oliver Street. 























Single, Double and Triple- 
Lift 


-Gasholders 


of any Capacity. 


Tubular, Pipe and Sinuous 
Friction 


Condensers 


of all Sizes. 





hlien Roof Frames 
and Floors. 


Steel Tanks 
for Gasholders. 


PURIFYING BOXES, CENTER SEAL 
OR VALVE CONNECTIONS. 








BENCH WORK, REVERSIBLE LIME 
TRAYS. 








SELF-SEALING AND PRESSED STEEL MOUTHPIECE LIDS. 
Coke Barrows, Coal Wagons, and all Apparatus Requisite for a Complete Gas Plant. 


—— ALSO —— 


GAS AND WATER PIPE, FLANGED PIPE, 
Sugar House Work, and Special Castings of all Description. 


INCREASE YOUR PURIFYING CAPACITY 


BY THE USE OF THE 


“Crighton” Four-Box Center Seal Cap. 














Having recently perfécted and patented a Five-way Center Seal Cap, we are now in position to offer and 
recommend it to Gas Companies for increasing their purifying capacity at a moderate cost. 

With this Cap you can have all your Purifying Boxes in constant use, and where four boxes are in 
operation at one time, the capacity is increased one-third. 

Your present Center Seal can be used, and will only require a new Cap. Under ordinary circum- 
stances the change can be made in one day, and will not necessitate the disturbing of your connections. 

Now is the time to make the change, as the work can be done to good advantage during the 
season of your lightest output. 

For information and prices address 


KERR MURRAY MFG. CO., 


Manufacturers of Gas Works Apparatus and Holders, 
FORT WAYNE, IND. 
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BARTLETT, HAYWARD & CO. 


BALTIMORE, MD. 














PURIFIERS. 























Triple. Double & Single-Lift 
GASHOLDERS. 
CONDENSERS. 
Iron Holder Tanks, 
Scrubbers, 








ROOF FRAMES. 














Girders. 
































The Wilkinson Water Gas Process. 


THIRTY-CANDLE, NON-CONDENSABLE, FIXED GAS. THE MOST SUCCESSFUL GAS PROCESS IN OPERATION. 
MILL’S REVERSIBLE LIME TRAYS. 
Gas Works Designed and Constructed. 


FIHLDS ANALYSIS 


E"or the Wear 18904. 


An Analysis of the Accounts of the Principal Gas Undertakings in England, Scotland, and Ireiand. Being the 
Twenty-fourth Year of Publication. Compiled and Arranged by, 


JOHN W. FIELD Accountant to the Gas Lt. and Coke Co., London. 
Price, $5. For Sale by 


A. M. CALLENDER & CO.; - No. 32 Pine Street, N. Y. City. 
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R. D. WOOD & €O,, "ex. *-- «The Mitchell Scrubber, Patented, a 


400 Chestnut Street, Philadelphia, Pa.  § | ahi cis 


MANUFACTURERS OF 


CAST IRON PIPE. hd yk gs 


BUILDERS OF = wow AN 


CGCcas Holders, . 


Single, Double and Triple Lifts, with or without Wrought iron 
or Steel Tanks. 


PURIFIERS, CONDENSERS, SCRUBBERS. 
The Hopper Automatic Gas Governor § 


Send for Pamphiet. 
Dunham Patent Specials. 


ISBELL- PORTER CO.., 


ENCINEERS AND CONTRACTORS FOR THE 


Construction and Extension of Gas Works. 
FOUNDERS AND MACHINISTS. 


MANUFACTURERS OF 


All Ironwork and Machinery Required in a Gas Plant. 


Estimates, Drawings and Specifications furnished for the Alteration, Improvement, 
or Extension of Existing Works or the Construction of New Works. 


245 Broadway, New York Gity. —orricts- Bridge & Ogden Sts., Newark, N. J. 


> ‘The Continental Iron Works, 


THOMAS F. ROWLAND, President, 
WARREN E. HILL and CHAS. H. CORBETT, Vice-Presidents. 
THOMAS F. ROWLAND, Jr., Secretary & Treasurer. 


BROOKLYN, N. Y. 


{TAKE EAST TENTH OR TWENTY-THIRD STREET FERRIES FROM N. Y. TO GREENPOINT. 






















ETE 


























BUILDERS OF 


Gas Exoliders. 


Single and Multiple Section Gas Holders a Specialty. 


Wrought Iron Gas Holder Tanks. 
BENCH CASTINCS, RETORT LIDS. 


Hydraulic Mains, Condensers, Scrubbers 
Purifiers, Valves, Etc. 


Self-Sealing Retort Mouthpieces & Lids 











- For Round, Oval, or ‘“‘D” Retorts. 
an ' | 
_ ILLUMINATING GAS! FUEL GAS! | ‘To Gas Companiss. 
THE LOOMIS PROCESS. | eemsnic car convene » nay mom 
Now in successful operation at Works of John Russell Cutlery Co., Turner’s Falls, Mass., and under a stated pressure. Send for samples. 
Henry Disston’s Son's Saw Works, Tacony, Pa. Also, SERVICE CLEANERS, DRIP PUMPS, and STREET 
The Cheapest Gas Generating System in the World. MAIN PROVING APPARATUS. 
Plans and Estimates Furnished. oO. A. GEFRORER 










BURDETT LOOMIS, -— - Hartford, Conn. 248 N. Sth 8t., Phila., Pa. 
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GAS WORKS APPARATUS AND CONSTRUCTION. GAS WORKS APPARATUS AND CONSTRUCTION. 
SA H. RANSHAW, Prest. & Mangr. T. H. Brron, Asst. Mangr 
WILLIAM STACEY, Vice-Prest. R. J. Tarvin, Sec. & Treas. 
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THE STACEY MANUFACTURING CO. 


Established 185!. 


| Tar, 3 Single, Double and Triple-Lift 


GASHOLDERS, 


Of any Capacity, with or without Wrought Iron or Steel 
Tanks. 


Hydraulic Mains, Condensers, Scrubbers, 
Purifiers, Valves, etc. 


Coal Gas Benches, Roof Frames, 
OIL STORACE TANKS. 


Pressed Steel Mouthpiece Lids, Self- 
Sealing Mouthpiece Lids. 


—_ Po, a Cincinnati, Ohio. 


reno ‘Sieoura Page's Sons, 


Sole Agents for 


The ‘Standard’? Washer-Serubber, 


The Walker Tar and Carbonic Acid Extractor, The Walker Sulphate and Ammonia Still, 
The Walker Self-Sealing Pressed Steel Mouthpiece Lids. 

















The Berlin Center Valve. And Contractors for Ammoniacal Liquor. 
No. G9 Wall Street, New York City. 
GEORGE R.ROWLAND,| H.C. SLANEY, T. G. LANSDEN, 


Formerly with the Continental Iron Works. 


Draughtsman and Constructing Engineer, Gas HKin1sineer Consul ing and Contracting Gas Engineer 


‘ Estimates, Plans and Specifications for New Works (Coa 
Drawings, Specifications and Estimates furnished for the con ix tree ookl % mn " = 
straction of new works or alteration of old works. Special 466 Sixth 8 t, Br yn, N.Y or Water Gas), and for Extensions or Alterations. 


attention given to Pateat Office drawings. Plans, Specifications and Estimates furnished for New | 5 : 
Utfice, No. 245 Broadway, N. Y. City. Works, Alteration or Extension of Old Plants. Security Bldg. (Room 206), St. Louis, Mo. 


WM. HENRY WHITE, 


No. 382 Pine Street, - - - New YorkE City. 


ENGINEER AND CONTRACTOR FOR THE 


ERECTION AND EXTENSION OF 


GAS, WATER, AND ELECTRIC LIGHT WORKS. 


Correspondence with Gas Companies contemplating extending or improving their Plants respectfully invited 
Plans and Estimates Furnished. 
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: Single or Telescopic. 








Serer 


1842 = fleily & Fowler, = 1895 
LAUREL IRON WORKS. 
Office, No. 39 Laurel Street, Philadelphia, Pa. 


BUILDERS OF 


--= Gasholders* 


With or Without Iron or Steel Tanks. 


eeeeeee 


OIL TANKS, WATER TANKS, ANDGENERAL WROUGHT IRON WORK. 











JAMES R: FLOYD & SONS, 


West 20th and 2ist Streets, Between 10th & 11th Avenues, New York City. 


Engineers and Contractors for the Construction of Gas Works. 


MANUFACTURERS OF ALL KINDS OF CASTINGS AND GENERAL IRONWORK FOR GAS APPARATUS. 


Bench Castings, Regenerative and Half Regenerative Furnace Lng 
Carriage, Crosses, Tees, 


Retort Lids, Hydraulic Hoist Purifier 


Successors to HERRING & FLOYD, 
Oregon Iron Works, 


mdensers, Tower Scrubbers, Mechanical Scrubbers, Purifiers, Malleable Iron Retort Lids, Self-Sealing 
nds, Angles, Reducers, S-Bends, Sectional Sleeves, Plugs, Caps, Street Drips, etc., always on hand. 


WOOD'S GAS SCRUBBING AND ENRICHING APPARATUS. 


In useat Syracuse, Auburn, Watertown, Cortland and Geneva, N.Y.; Elizabeth, N. J.; Boston, Mass.; Jamaica Plain, Mass.; Providence, R.I.; Northern Liberties Gas Co., Phila. 


Sole Manufacturers of the OGDEN QUICK-MOVING VALVE. 


Premium Awarded, World’s Columbian Exposition. 


HEARNE CENTER SEAL, Operating One, Two, 


‘Three or Four Boxes. 








INTERESTING TO GAS MANUFACTURERS! 


| | Reins tae Nd RANTES. 











if 
“Er siits cues J 





The Gas Engineer’s Laboratory Handbook. 


By JOHN HORNBY, F.L.C. 


A. M. CALLENDER & CO., 








Price, $2.50. 
No. 32 Pine Street, New York City. 


he 
Wilke Ghina Kiln. 
For Firing Decorated China 


with Illuminating Gas. 


AWARDED THE HIGHEST HONORS, MEDALS 
AND DIPLOMAS AT THE WORLD’S 
COLUMBIAN EXPOSITION. 

Many Valuable Improvements 
added to this Kiln in 
the Last Year. 


Not a Toy, but a Practical 


Kiln. 
Has Never Failed to Give Satisfaction. 


Guaranteed to fire China suc- 
cessfu'ly, and without any dis. 
coloration from fuel used. 


Thousands in use, and not a 
single failure. 

Full directions furnished with each 
Kiln sold by which any amateur can 
fire it without any saben knowledge 
of this branch of the work. Send for 
descriptiye circular. Address 

F. A. WILKE, 

Richmond, Ind. 





al 


a 











"Cabes. 
Water and Gas Pipe. 


For special information and prices, write ip 


The Addyston Pipe and Steel Co., 
Cincinnati, O. 














JOS. R. THOMAS, 
No. 32 Pine Street, N.Y. City. 


Gas Engineer and Contractor. 


PLANS, SPECIFICATIONS AND ESTIMATES FURNISHED. 
Sontracts taken for all Appliances 


required at a Cas Works, 
Either for New Works or Extensions to Old Plants 
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GAS AND WATER PIPES. 


GAS METERS. 





THE OHIO PIPE COMPANY, 


MANUFACTURERS OF 


Cast Iron Gas & Water Pipe, 


BRANCH AND SPECIAL CASTINGS. 


as-Honse Bench Castings, Hydraulics, Lamp Posts, Flange Pips 
and Specials, Architectural Castings, Building Columns, 
Joists, Cellar Grates, Sash Weights, etc. 


GENERAL FOUNDERS AND MACHINISTS 
Columbus, Ohio. 


Management of 
Small Gas Works. 


By C. J. R. HUMPHREYS. Price, $1. 
A. M. ga LLENDER & CO., 32 Pine Sr., N. Y. Crry 











The Chemistry of 
Illuminating Gas. 


By NORTON H. HUMPHRYS. Price, $2.40. 
A. M. CALLENDER & CO., 82 PINE 9., N. Y. Ory. 





WARREN FOUNDRY 





Established 1856. 


AND MACHINE 6O., 


Works at Phillipsburgh, N. J. 


New York Office, 160 Broadway. 


CAST IRON WATER AND GAS PIPE. 


FROM THREE TO FORTY-EIGHT INCHES DIAMETER. ALSO, ALL SIZES OF 


Flange Pipe for Sugar House and Mine Work. Branches, Bends, Retorts, etc., ete 








M. J. DRUMMOND, 


SPECIAL CASTINGS AND LAMP POSTS. 








Office, Corbin Building, 192 Broadway, N. Y. 


GEORGE ORMROD, Mangr. & Treas., Emaus, 
JOHN DONALDSON, Prest , Dots Bldg. Phila., Pa 


EMAUS PIPE FOUNDRY. 


DONALDSON IRON COMPANY. EMAUS, PA 


MANUFACTURERS OF | 


CAST IRON PIPE AND SPECIAL CASTINGS 


FOR WATER AND GAS. 
Also, FLANGE PIPE, LAMP POSTS, Etc. 














1894 DIRECTORY 1894 


OF AMEERIOCAIN megieeuvens COMPANIES 


Price, 


A. M. CALLENDER 


& CO. 


$5.00. 


No. 32 Pine Street. New York. 








N. Y. AGENCY, — | 
Bartlett Lamp Mig. Co,, | - _ gaa 


89441 W. Broadway, | 
New York City. 


| 
Telephone, 1125 Courtlandt. | § s 


= : 
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Special 





METRIC METAL GOo., 


MANUFACTURERS OF 


fry jas Meters 


FOR ALL KINDS OF SERVICE. 





Attention Paid to 


REPAIRING METERS OF ALL MAKES. 





Agts.. McELWAINE-RICHARDS CO.. 62.4 64\W. Maryland St., indianapolis. Ind 


=e Eee EEErEEPEPEELELEr 


Factory 
and Office 


| Erie, Pa. 


ESTIMATES FURNISHED 
ON APPLICATION. 
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NATHTIANTIEL TUBTLS, 


153 Franklin St., Boston, Mass. 
Cc. W. HINMAN, - - Manager. 


MANUFACTURER 0: 


DRY GAS METERS. 
Station Meters of any Capacity. 


4 Test and Experimental Meters, Pressure Registers, Pressure Gauges, 
the best facies for manufac METER PROVERS, PHOTOMETERS, STREET LANTERNS, ETC., ETC. 


conion, is ena 
b and answer oers Apparatus for the Chemical Testing of Gas and Gas Liquor. 











labie Wo 
promptly. 











CHARLES E. DICKEY. MALLWOOD. CHARLES H. DICKEY. 


THE MARYLAND METER AND MANUFACTURING CO. 


Established 1866. 


BALTIMORE, North & Saratoga Sts. CHICACO, 122 & 124 Michigan St. 
NEW YORK, 838 Broadway. SAN FRANCISCO, 22! Fron? St. 
BOSTON, 92 Water Street, Rooms 2! and 22. 


CONSUMERS’ & STATION METERS, PRESSURE GAUGES, Etc., Etc. 
“Success” and “Perfect” Gas Stoves. 


THE GOODWIN METER COMPANY, 


1012-1018: Filbert Street, Philadelphia, Pa. 


MANUFACTURERS OF 


Gonsumers’ and Station Meters, 


Standard Photometrical#«Analytical Gas Apparatus 


‘‘Sun Diac” GaAs CoOoKING AND HEATING STOVES. 


—— cular attention given to Repairing GEORGE B. + sais Agent, 
Me ste s and Scientific Apparatus. .... 113 Chambers Street, N. Y. City. 


THE KEYSTONE METER CO., 
Faetory and Office, ROYERSFORD, PA. 



































WESTERN MANAGERS: PACIFIC : 
CAHILL, SWIFT & CO., WIESTER & CO., 
121-207 South Seventh Street, 15 & 17 New Montgomery St., 
ST. LOUIS, MO. SAN FRANCISCO, CAL. 








Gas Meters and Gas Stoves. 
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GAS METERS. GAS METERS. GAS METERS. 
WM. N. MILSTED, Prest. and Genl. Supt. WM. H. HOPPER, Vice-Prest. PAUL 8. MERRIFIELD, Sec. and Treas. 
Established 1834. Incorporated 1863. 
WET AND DRY GAS METERS. PRESSURE REGISTERS. METER PROVERS. 
STATION METERS. PRESSURE & VACUUM REGISTERS. PORTABLE TEST METERS. 
EXHAUSTER GOVERNORS. PRESSURE & VACUUM GAUGES. EXPERIMENTAL METERS. 
DRY CENTER VALVES. CRESSON GAS REGULATORS. AMMONIA TEST METERS. 
GOVERNORS FOR GAS WORKS. MARSLAND WATER METERS. BAR & JET PHOTOMETERS. 
Seanufactorices: GAS STOVES. ike seers cee a 
SUGG’S “STANDARD” ARGAND BURNERS, A Ageeean aici tua coe 
512 West 22d St., N. ¥. SUGG’S ILLUMINATING POWER METER, 810 North Second Street, St. Louis. 
Arch & 22d Sts., Phila. Wet Meters, with Lizar’s “‘Invariable Mcasiring”? Drum. 222 Sutter Street, San Francisco. 








HELME & McILHENNY, 


(Established 1848.) 


Gas Meter Manufacturers 


1339 to 1349 Cherry Street, Philadelphia, Pa. 


Wet and Dry Gas Meters, Station Meters, Experimental Meters, Meter Provers, Center Seals, Pressure Registers, Governors, Indicators, Photometers 
AND ALL OTHER KINDS OF APPARATUS FOR USE IN GAS WORKS. 


FOULIS’ PATENT STATION AND DISTRICT GOVERNOBS. 
REPAIRING DEPARTMENT.—We employ a special force of skilled workmen repairing meters of ALL MAKERS. 


D. McDONALD & CO., 


Established 1854. 





_ 








154 West 27th Street, 51, 53 & 55 Lancaster St., 34 & 36 W. Monroe &t., 
NEW YORK CITY. ALBANY, N. Y. CHICACO, ILL. 





MANUFACTURERS OF 


® Wet and Dry Gas Meters 


STATION METERS, EXPERIMENTAL METERS, METER PROVERS, PRESSURE & VACUUM REGISTERS & PRESSURE GAUGES. 
Meters of all makers Thoroughly Repaired. 











W. H. PEARSON, J. T. WESTCOTT, L. L. MERRIFIELD, 
President. Gen’l Mang’r & Treas. Chief Engineer. 


The Economical Gas Apparatus Construction Co., Ld. | 


269 Front Street, East, - - Toronto, Canada. 





ENGINEERS AND BUILDERS 


OF THE 


Improved Lowe Water Gas Apparatus 


Designed to give the Greatest Efficiency when using any kind of Oil, 
Anthracite Coal, Gas House or Oven Coke. 





New Gas Works Built, Present Gas Plants, either Coal or Water, Remodeled 


Catalogues, Plane andj Estimates Furnished upon Application. 


wil ~ 








\ 
LOWE WATER GAS APPARATUS, MERRIFIELD“WESTCOTT-PEARSON SETTING. 
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The Advertisement of the 


OTTO GAS ENGINE WORKS, 


33d and Wainut Streets, Philadelphia, 
New York, 18 Vesey St. Boston, 19 Pearl St., Chicago, 245 Lake 8St., 


Occupies this space every alternate week. 


JOHN J. GRIFFIN & CoO., 


1513-1515-1517-1519-1521 Race Street, Philadelphia. 


52 Dey Street, New York. 75 N. Clinton St., Chicago. 
WM. 8S. GRIBBEL, Manager. FREDERICK WAUGH, Manager. 


MANUFACTURERS OF 


STATION METERS, 
) CONSUMERS’ METERS, 


Provers, Registers, Gauges, Experimental Apparatus, Etc. 


Prompt Attention Giwen to All Repairing. 


OUR SPECIAL NATURAL GAS METER 


Is the Best ever offered. Over 30,000 now in use. 
We manufacture in the United States, under the SAWER & PURVES PATENTS, the 


Positive Prepayment Meter. 


This Meter is an un- 





































































































Pam PLE 
rons qualified success in 
DURABLE Great Britain. 
Its simplicity of con- 
. ACCURATE struction, and the 
a 2 ogee 5 RS positive character of 
RE LIABLE 
the service performed 
All Parts by it, have given it 
Interchangeable pre-eminengee, 














Needs only the care given an ordinary Meter. Saves MONEY, TIME and 
CONSUMERS, Dispenses with “DEPOSITS” and increases OUTPUT. 


c. 






